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DEVELOPMENT OF FLOWER AND SEED OF SOME 
VARIETIES OF SUGAR CANE 1 

By Ernst Artschwager, Associate Pathologist, E. W. Brandes, Principal 
Pathologist in Charge, and Ruth Colvin Starrett, Assistant Cytologist, Office 
of Sugar Plants, Bureau of Plant Industry, United States Department of Agri- 
culture 

INTRODUCTION 

The investigation presented in this paper is part of a compre- 
hensive study of the anatomy, the ontogeny, and the cytology of 
sugar cane, undertaken primarily as a basis for further research in 
diverse fields including taxonomy, physiology, pathology, and genet- 
ics. The Office of Sugar Plants now has projects in all these fields, 
and it is proposed by the present series of studies to lay a foundation 
that will be useful in advancing them. A previous publication which 
discussed the anatomy of the vegetative organs of sugar cane ( 1 ) 2 
was based on a critical examination of a single variety, Louisiana 
Purple (Zwart Cheribon), of th# species S a cc h a rum officinaru in , to 
which belongs the large group of thick-stemmed or “noble” cane 
varieties, preferred, where they can be successfully grown, by all com- 
mercial cane planters. It is recognized that owing to the diverse 
forms of Saccharum it is unsafe to generalize on the basis of a study 
of one variety or a limited number of varieties. Therefore the logical 
plan, is to study a single variety in detail, and to follow this with com- 
parative studies of the minute anatomy of selected parts, which will 
doubtless reveal differences that may be useful in helping to separate 
and identify varieties. Studies of the inflorescence are especially diffi- 
cult and narrowly circumscribed, in so far as the range of selection of 
varieties is concerned, on account of irregularity in flowering of sugar 
cane, which takes place only when environmental conditions are 
exceptionally favorable and, moreover, on account of the frequently 
encountered degeneracy or abortive development of the male and 
female organs. The varieties used in the present study, U. S. 875 
and U. S. 1694, 3 were those available in sufficient quantity in the 
United States sugar-plant field experiments at Canal Point, Fla., 
when the investigation was begun in January, 1927. The variety 
U. S. 875 is from the F 2 progeny of a cross between Saccharum 
officinarum (Zwart Cheribon variety) and 18 . spontaneum , a wild 
species; and U. S. 1694 is from the F 2 progeny of a cross between 
S. officinarum (Zwart Cheribon variety) and S. barberi (Chunnee 
variety). 

According to Jeswiet (12, IS), the genus Saccharum embraces four 
species: S . spontaneum, S. sinense, S. barberi, and S. officinarum . 

1 Received for publication Aug. 10, 1928; issued July, 1929. This paper reports the second of a series of 
investigations of the anatomy of sugar cane. The first was entitled “Anatomy of the Vegetative Organs 
of Sugar Cane" (/). 

2 Reference is made by number (italic) to “Literature cited," p. 29. 

3 U. S.«* United States Department of Agriculture seedling. 
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Another specie^f provisionally named S. robustumf was found in 
New Guinea by Doctor Jeswiet when he accompanied the United 
States Department of Agriculture airplane expedition to the interior 
of that island in 1928. In the following key, which has been trans- 
lated from Jeswiet’s original paper, are given the characters on which 
the separation of the species is founded: 

KEY TO THE SPECIES OF SACCHAIlUM 

A. Main axis of inflorescence and cluster axes with long hairs. Glumes always 4. 
Lodicules either ciliate or not. If the spikelets of the same pair do not flower 
simultaneously, the pedicellate one always blooms first. Culms green, grayish 
green, greenish bronze, ivory, or white. 

1. Lodicules ciliate, long subterranean runners present, growing wild 

Saccharum spontaneum . 

2. Lodicules not ciliate. Subterranean runners short. Sugar-producing, 

cultivated plants. 

a. Leaves broad (to 50 mm.). Long cane species, nodes all fusiform, 

greenish bronze (among others, Uba cane) 

Saccharum sinense Roxb. amend. Jeswiet. 

b . Leaves narrow, short inconspicuous cane species. Nodes usually 

cylindrical, grayish green, w r hite, or ivory. Rather limited to 

British India (among others, Churmee cane) S. barberi Jeswiet. 

B. Main axis of the inflorescence never having long hairs, often glabrate; rachis 

nodes glabrate or with very few haiia* Glumes generally 3, sometimes 4. 
Lodicules not ciliate. If the spikelets of the same pair bloom at different times, 
the sessile one always is the first. Culms differing in color from pale or dark 
green to dark yellow, dark red, violet, often striped. Cultivated plant 

Saccharum officinarum. 

1. Fourth glume present. Vigorous plants with low sugar percentage. 

Types: Among others, Fidji, Ardjoeno, Green Coerman (Corven 

Duitsch), New Guinea. 

2. Fourth glume wanting. Plants with a general high percentage of sugar. 

Types: Among others, Cheribon, Batjan, Borneo, Bandjermasia, 

Preanger. 

It will be noted that the separation of species in this key is based 
on the panicle characters. In seeking to establish a basis for varietal 
determination it is -necessary to make use of the vegetative characters 
as well. Barber (2) in his monumental work on the sugar canes of 
India considered the characters of stem, leaves, and roots. Various 
investigators have made use of special characters such as the number 
and arrangement of the stomata, the number and disposition of root 
primordia in the root ring, and the character and arrangement of 
emergences on the buds and leaves; but no system has been found 
sufficiently practicable to commend itself to general use, and it has 
ebcome increasingly apparent that the problem is so complicated 
that accurate determination of cane varieties is a matter for special- 
ists. In the present investigations anatomical characters have been 
observed to vary sufficiently in the different varieties to be of value 
in supplementing the morphological characters ordinarily used in 
attempting to separate varieties. 

METHODS 

The flower material was fixed in Carnoy’s fluid directly in the field. 
The material was embedded without removing the scales,- since it 
was found that in young material the scales are not sufficiently hard 
to interfere with the cutting, and in older material the presence of 
the scales, by preventing too rapid dehydration and infiltration with 
paraffin, resulted in better preservation of the nuclei. Mature seed 

« The new species Saccharum robustum is not distinguishable from S. ofjficinarum on the basis of panicle 
Characters thus far studied. 
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fixed while still in the milk stage could be cut comparatively easily 
even if embedded in paraffin. Older seed had to be embedded in 
celloidin. All cytological material was stained with Haidenhain's 
iron-alum hematoxylin, and histological material with Delafield’s 
hematoxylin, and counterstained with saffranin. 

All photomicrographs were taken on Wratten M plates with B-58 
and E-22 filters used singly and in combination. The drawings 5 are 
based on photomicrographs or their enlargements. 

THE INFLORESCENCE 

The inflorescence of sugar cane forms an open panicle. (Fig. 1, 
A.) Every species and almost every variety has, according to 
Jeswiet (18), its peculiar type of inflorescence or “ arrow. ” Depend- 
ing on the type of lateral axes, the arrow will be small or large, 
broad or narrow, conical or cylindrical. The main axis of the in- 
florescence is longest in Saccharum officinarum, shortest in S. spon- 
taneurn , and intermediate in S. sinense. It is thick, straight, and 
round at the base, becoming gradually thinner, sinuous, and dis- 
tinctly grooved higher up. While the inflorescence is still closed, 
the lateral axes rest in these grooves, permitting the entire arrow 
to be squeezed into a very compact space. 

The main axis carries lateral axes of the first order, and these in 
turn lateral axes of the second and third orders. The degree of 
branching decreases toward the top, and the upper part has only 
whorls of single axes. However, if these axes are branched, the 
secondary axes are inserted in such a manner that the joints of 
primary and secondary axes are grown together. (Fig. 2, A.) The 
lateral axes of the first order are longest and most profusely branched. 
The lower ones are far apart and arranged in semiwhorls, and the 
upper ones are close together and form complete whorls. The lateral 
axes of the second order and all primary axes with the exception of 
the lower ones begin with a pair of spikelets of which one is sessile 
and the other stalked. (Fig. 1, B.) 

The developing inflorescence remains for a long time inclosed in a 
tube formed by the sheaths of the upper vegetative leaves. When 
the floral leaves become externally visible, the cane is spoken of as 
“boenting,” a convenient term adopted from the Malayan language, 
for which there is no adequate English equivalent. Several weeks 
after the first indication of boon ting, the flag (fig. 1, C) appears, and 
the inflorescence, which has a silvery hue on account of the silky 
hairs of the spikelet, is pushed out and expands. At the base of 
each lateral axis is present a cushionlike swelling, which enables the 
lateral axes to unfold and the inflorescence to open completely. 

ANATOMY OF THE FLORAL AXIS 

As a continuation of the apical growing point of the stem, the 
inflorescence axis shows a similar anatomical structure. A cross sec- 
tion shows numerous vascular bundles embedded in parenchymatous 
tissue. The central part is devoid of bundles and is often hollow. 
At the periphery the bundles are so small and so close together that 
they form a practically solid ring. The vascular tissue is separated 
from the epidermis by a narrow cortex, the cells of which are thick 
Walled and heavily lignified. The epidermis itself consists of long 

•* Credit is due Mrs. E. Artschwagerf or preparation of the colored plate and all other drawings in this 
publication. ■. 
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narrow cells with sinuous walls and alternating short cells. At the 
insertion points of the lateral axes there are cushionlike swellings 



Figueb 1 . — A, Inflorescence of sugar cane fully expanded; B. lateral axis of inflorescence bearing 
pairs of spikelets; C, inflorescence in the flagging” stage 


made up mostly of parenchymatous tissue with the vascular elements 
.fohited to the abaxial side of the organ. This special modification 
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Figure 2.— A, Lateral axes arising from the same cushion joint of upper part of main axis, Jl, 
Part of rachis of inflorescence. Each rachis articulation bears a pair of spikelets of which one 
is sessile and the other stalked. C, Diagram illustrating the course of the vascular system of 
the rachis, the pedicel, and the sessile flower; a and b represent the two large bundles of the 
rachis and c, d, and e t the three small peripheral bundles 
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enables the lateral axes to expand, and at the same time it gives a 
greater flexibility to the joints and prevents injury during abnormal 
weather conditions. 

The lateral axes of the first order are very much thinner than the 
main axis. The basal part is flat triangular, becoming more or less 
terete higher up. Like the main axis, it is traversed by a number of 
vascular bundles of which the inner ones are large and the peripheral 
ones small and surrounded by thick-walled lignified parenchyma. 
The lateral axes of the higher order are more or less flat triangular 
and possess a varying number of vascular bundles. The rachis, which 
bears the spikelets and which may be an axis of the first, second, or 
higher orders, possesses from four to six bundles, of which three are 
small and the remaining one to three much larger. The stalk of the 
pedicellate spikelet differs from the rachis in being thinner and pos- 
sessing only three bundles, of which two are small and the third one 
much larger. 

A transverse section of the rachis below the cushion joint shows a 
stele of five bundles and from these bundles there pass off a number of 
traces to supply the floral parts of the sessile flower and of the pedicel. 
(Fig, 3, A-H.) Above the point of departure of these traces the rachis 
continues, possessing the number o4 bundles it contained below. 

The rachis joint, where the branching of the bundles occurs, differs 
from the rachis in being round and possessing a much greater diam- 
eter. (Fig. 3, A.) The cells of the parenchyma tissue are small and 
very short. They have greatly increased, forming a broad band 
between the more or less centrally located vascular strands and the 
epidermis. Many cells of the latter have enlarged and grown out 
into lignified hairs. Above this zone are several tiers of epidermal 
cells conspicuous on account of their very regular radially elongated 
form and the dense protoplasmic content. Just beneath the epider- 
mis is found a sclerenchymatous hypodermis one cell wide. 

A little distance below the cushion joint the two larger bundles (fig. 

2, C, a and b) break up into three and two strands, respectively (fig. 

3, A, B, C, D). Two strands of a and one of b continue into the next 
rachis segment, and the third strand of a passes out into the ped- 
icel, while the second strand of b constitutes the larger part of the 
vascular system of the sessile flower. Simultaneously with the split- 
ting of the two larger bundles the three small bundles of the rachis also 
divide. The two halves of each separate more or less and then extend 
into the various organs, as shown in the accompanying figures. 

Frequently the rachis possesses three larger bundles instead of two 
and occasionally only one. When there are three large bundles, one 
extends into the next rachis segment without dividing, but if there 
is only one, two divisions occur, and the resulting three strands 
extend into the various organs, where they form the larger bundles. 
The behavior of the small bundles is in all cases more or less identical. 

The outer glume of the flower is traversed by four and sometimes 
five or more bundles, and the inner glume is keeled and contains 
commonly three vascular strands. The sterile lemma has frequently 
a midrib, but the fertile palea and the fertile lemma, if present, have 
no vascular elements. The thick hyaline lodicules each contain a 
number of procambial strands. Each stamen has a single bundle. 
The remaining vascular tissue splits into three strands, which traverse 
the tissue of tne ovary wall and converge in the style. 
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THE SPIKELET 




f The rachis (fig. 2, B) to which the flowers are attached is articu- 
late and very brittle. Each rachis segment is narrow at the base 
and broader at the apex, one side of it being more or less convex and 
the other flattened and slightly concave. 

At the nodes of the rachis are alternately placed two spikelets, of 
which one is sessile and the other stalked. Both spikelets are oblong 
lanceolate and uniflorous and have tufts of long silky hairs at their 
bases. 

Each flower (pi. 1 , A, and fig 4, A) is subtended by two bracts which 
form the outer and inner glumes. Inside the outer glume is found a 

sterile lemma (third glume), inclos- 
ing in its turn the fertile palea. The 
fertile lemma (fourth glume) was 
wanting in the varieties o f Saccharum 
officinarum examined, but was pres- 
ent in the hybrids of S. spontaneum . 
The sterile palea is always wanting. 
At the base of the flower, just inside 
thinner glume, are found two thick 
hyaline lodicules. Lastly, the axis 
bears a whorl of three stamens and 
the ovary. 

The on ter glume of the spikelet 
(fig. 4, B) is bicarinate with slightly 
arched back and embraces with its 
edges the inner glume. The two 
keels and the edges are traversed by 
vascular bundles, which may extend 
to the tip of the glume. Occasion- 
ally a weakly developed midrib is 
present. The upper two-thirds of 
the glume is covered with short 
pointed hairs. The keels possess 
stronger hairs than the lamina be- 
tween, and the edges are covered with 
lashes composed of long unicellular 
hairs. From the foot of the glume, 
the callus, arises a whorl of long 
silky hairs, several times the length 
of the spikelet. 

The inner glume (fig. 4, C) is, like the outer, lanceolate pointed, but 
it possesses a well-developed midrib. On either side of the midrib is 
found a small vascular bundle. The back of the glume is also covered 
with short, closely adhering hairs, but the lashes along the edges are 
slightly longer. 

The sterile lemma (fig. 4, D) is much more delicate than the two 
glumes, and it is commonly devoid of vascular bundles. It is a little 
shorter than the inner glume. The tip is slightly blunt in the varieties 
examined, but according to Jeswiet (18) it can be either blunt or 
pointed. The edges of the sterile lemma are covered with long lashes, 
which are especially prominent near the middle. The fertile lemma, 
which was found only in the Saccharum spontaneum hybrids, is a 



Figure i.—A, Cross section of a young flower 
of U. S. 1694: m me, Megaspore mother cell; o w, 
ovary wall; at, stamen; p, palea; o g, outer 

S ;luine: f g, inner glume; at l, sterile lemma; lod, 
odicule. X 80. B, Outer glume. C, Inner 
glume. D, Sterile lemma inclosing the palea (p) 
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narrow scale covered at the tip with hair or lashes and is devoid of 
vascular bundles. 

The fertile palea is also small (fig. 4, D, p) and very irregular, fts 
edges are clothed with long hairs, and a few short hairs are found on 
the upper surface of the lamina. It is, according to Wilbrink (18) and 
Jeswiet (13), very changeable regarding shape and pubescence* but 
since these characters are constant in different forms, it serves in 
the study of taxonomic relationships. 

The lodicules (fig. 5, E) are very short, more or less wedge shaped, 
with saucer-shaped hollow tops. They possess short projections on 
the upper edges, which, in the case of the Saccharum spontaneum 
hybrids, may elongate into longer or shorter lashes. During the time 
of flowering the lodicules swell greatly and push the glumes wide 
apart (fig. 5, E) so that the anthers and the pistil can protrude. 

THE FLOWER 

The sugar-cane flower is hypogynous and simple in structure, 
consisting of a whorl of three stamens and a single carpel. Often the 
flowers are imperfect, the ovary being rudimentary and, what is more 
often the case, the anthers without pollen grains. 

The number of stamens is three ; one filament is inserted between 
the lodicules and the other two on the opposite side of the flower, 
resting against the fertile palea. (Fig. 4, A.) The filaments are 
white and the anthers yellow and later purple. If they remain 
yellow or become papery they are invariably sterile. The anthers 
are bilobed and versatile, the filaments being attached to the con- 
nective near the base of the anther lobes. Each lobe contains two 
loculi (fig. 6, D), and the tissue that is between breaks down at the 
time of dehiscence. The filament before the opening of the flower is 
terete. It consists of elongated parenchymatous cells surrounding a 
small centrally located vascular bundle. When flowering occurs the 
filament grows very rapidly, thereby becoming irregular in thickness. 
The tissue of the connective is parenchymatous with a small bundle 
similar to that in the filament. The epidermis of the lobes is com- 
posed of narrow cells covered by a thin cuticle. Next to the epi- 
dermis is the endothecium composed of narrow cells with their long 
axes arranged at right angles to those of the epidermis. Shortly 
before dehiscence they develop thickening bands. 

In the literature on sugar cane, references to the structure of the 
flower are mostly fragmentary. Of more than passing interest is the 
contribution of Cobb (7). 

The gynecium (fig. 5, A) consists of a single carpel with an obovato 
or obconical ovary round in transverse section and flattened on the 
ventral side. The walls of the ovary consist of delicate parenchyma 
cells. Running longitudinally through it are two very fine lateral 
vascular strands. From the tip of the ovary arise two terminal 
styles which curve outward when flowering occurs. (Fig. 5, B.) 
Within the ovary is a single ascending anatropous ovule attached by 
a broad placenta on the inner ventral surface of the ovary. It 
possesses two integuments. The outer one, which disintegrates when 
the seed is ripe, is much shorter than the inner one and never reaches 
the micropyle. Each integument has a double layer of cells, but in 
the region above the placenta and at the micropyle it consists, as 
already shown by Guerin (10), of three or four layers. 



10 


Journal of Agricultural Research 


Vol. 39, No. 1 



Figure 5.— -Sugarcane variety U. S. 1094: A, Gynecium, X 17; B, flower 
about to open, X 9, showing protruding tips of the style; C, longitudinal 
section of a pair of young sptkelets, X 110, the stalked spikelets being ad- 
vanced in development over the sessile one; D, longitudinal section of 
an older spikelejt, X 110; E, longitudinal section of an expanded flower of 
U. 8. 1639, X 60, the lodicules having forced the flower open through their 
ability to swell 










Figure 6.— Sugar-cane variety U.S. 1694: A, Longitudinal section of an anther with pollen in 
mother-cell stage, X 680; B, lateral branch of feathery stigma with germinating pollen grain, 
X 272; pt, pollen tube; st p, vStigmatie papilla; C, cross section of an anther with pollen in 
motber-celi stage, X 680; I), cross section of a young llower: i g, Inner glume; stam, stamen; 
st, style; st l, sterile lemma; o g , outer glume; X 110. E, mature pollen grain; v n, vegeta- 
tive nucleus; g n, generative nuclei; g p, germ pore; X 1224 


base of the pedicel, and for this reason there are four rows visible at 
the convex side. (Fig. 2, B.) Only a little of the sessile spikelet is 
seen at the back side, so that there is a conspicuous dorsiventrality. 

A detailed description of the development of the grass flower, 
especially of the anaroecium and gynecium, is given by Golinski ( 9 ) 
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and Koernicke and with it the description of the sugar-cane 
flower, as given below, tallies. The floral organs and the bracts by 
which they are inclosed arise in succession as bulging masses of 
meristem upon the periphery of the primordium, beginning with the 
lower glume and ending with the carpel. (Fig. 5, D.) Each begins 
as a ridge of tissue that extends part way around the primordium 
of the flower. The small fertile palea and the lodicules arise at the 
same time and from the same rudiment. They are at first triangulate 
but gradually acquire the oblong shape characteristic of the mature 
organ. The stamens arise as conical outgrowths around the periphery 
of the apex of the flower. They develop early, the filament appearing 
before the lamina of the lower glume is differentiated and while the 
carpel is still small. A constriction which indicates the beginning of 
the filament occurs very early at the base of the stamen. The sub- 
sequent growth of the stamens until the pollen is ripe is due almost 
entirely to the elongation of the anthers, the filament growing only 
immediately before the pollen is shed. The carpel is the last of the 
floral organs to arise. It appears as a single ridge of tissue on the 
interior side of the floral axis and gradually encircles the apex of 
the young flower. Soon after it has completely surrounded the tip of 
the flower axis, two protuberances ^appear on the sides and form the 
beginnings of the stigmas. 

MICROSPORO GENESIS 

It is not within the compass of this investigation to treat in detail 
the early stages of karyokinesis, for it would lead to a consideration 
of the reduction problem in general. The sugar-cane flowers, more- 
over, are not suited for such a study, since the nuclei are comparatively 
small and the division figures, especially the early prophase stages, are 
complex and minute in structure. 

Dividing pollen mother cells are found in inflorescenses that have 
just begun to flag.. They appear naturally first at the top of the 
inflorescence and tips of the lateral axes and progress cen tripe tally 
and downward as the panicle expands. According to Bremer (4), 
this difference in the appearing of the pollen mother cells at the top 
and at the base amounts to six days in Saccharum officinarum f but 
to only four days in S. spontaneum. The young pollen mother cells 
are seen in longitudinal sections of the anther (fig. 6, A) in two rows 
fitting closely into one another and bordered by tapetum cells. In 
cross sections of the anther one observes usually four pollen mother 
cells arranged in such a manner that they all touch the tapetum 
with one of their sides. (Fig. 6, C and D.) 

The young pollen mother cells contain only a little chromatin, 
which is present in the form of small grains. As the cells increase 
in size the chromatin grains enlarge, become more numerous, and 
appear connected with one another by fine threads. Gradually the 
nuclear mass assumes a unilateral position and the chromatin threads 
exhibit the characteristic, but in this case indistinct, prosynaptic 

E airing. Contraction increases until the spireme shows the typical 
lumpen. Chromatin ‘ threads are then thrown into the nuclear 
cavity until the whole space becomes filled with the chromatic fila- 
ment. (Figs. 7, B; 8, A; and 9, A.) The threads of the spireme, 
being double, appear to be thicker than the prosynaptic ones. The 
spiremofjl# soon after segmented; the individual parts continue to 
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shorten and thicken until finally in the diakinetic stage (figs. 8, B, 
and 9, B) the bivalent chromosomes are formed. The number ,of 
paired chromosomes or gemini is very large compared to the size of 
the nuclear cavity, and it is impossible to count them accurately. 
Shortly after the formation of the bivalents the spindle fibers begin 



Figure 7. —Sugar -cane variety U. S. 1694: A, Longitudinal section of anther with pollen in meta- 
phase of the heterotypic mitosis, X 520;. B, prophase stage of the heterotypic mitosis, X WO; C, 
pollen tetrads, X 750 


to differentiate, while the nuclear wall disappears. The shortening 
and thickening of the gemini continues until the metaphase when 
the chromosomes become almost isodiametric and deep staining. 
The chromosomes are now seen on the equatorial plate of the bipolar 
spindle. (Figs. 7, A and 8, D.) Tfre polar view of the metaphase 
(figs. 8, C, and 9, C) is especially well suited for the counting of the 
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chromosomes. It was found that in the U. S. 875 variety the number 
of chromosomes was 58. Since this variety is a Kassoer seedling, it 
should, according to Bremer (4), possess 68 chromosomes. The 
smaller number might be accounted for by assuming that the material 
that was used in this investigation came from a cross between U. S. 
875 and another variety, or that the hybrid, by subsequent selfing, 
suffered a reduction in the number of its chromosomes. In the other 



Figure 8— Sugar-cane variety U. S. 785 at various stages in microsporogenesis, X 1140: A, 
Hollow spireme; B, diakinesis; C, polar view of metaphase; D, metaphase; 15, anaphasic 
separation; F, telophase; G, homotypic metaphase; H, diads; I, tetrads 


variety, U. S. 1694, the number of chromosomes counted was 40, and 
since it is a P. O. J. 213 seedling this number is theoretically correct. 
The chromosome number of 14 which Franck (8) found for Saccharum 
oMcinarum does not agree with the haploid number of 40 found by 
Bremer (4) which was verified in this investigation. 

While metaphase stages persist for a comparatively long time, the 
anaphasic separation (fig. 8, E) is quickly accomplished and appears 
to be quite normal, since there was practically no lagging of chromo- 
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Figure 9.—A, Prophase stage (hollow spireme) of the heterotypic mitosis in pollen forma- 
tion, X 1330; B, diakinesis, X J330; C, polar view of metaphase of U. S. 875, X 1330; D, 
anaphase of endosperm nuclei of U. 8. 1694, X 740; E, pollen tube penetrating micropyleof 
U. 8. 1694, X 740; F, embryo sac with fertilized* egg and endosperm nucleus in anaphase* 
U. S. 1694, X 215; 0, endosperm nuclei lying free in the embryo sac, U. 8. 1694, X 230 
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somes. At telophase (fig. 8, F) the chromosomes form a dense mass 
rd that their number at this stage can not be ascertained. Just as 
in other monocotyledons, the two daughter nuclei are separated by 
a wall. (Fig. 8, H.) There is a short interkinesis during which the 
chromosomes retain their distinctness. In the homotypic division 
the nuclear spindles are usually arranged with their longitudinal 
axes parallel to one another, though occasionally they cross at right 
angles. (Fig. 8, G.) The chromosomes have the same isodiarnetric 
appearance, but they arc smaller than those met with in the hetero- 
typic division figures. The tetrad soon breaks up (figs. 8, I, and 
7, C) into four microspores, which become invested by a wall that at 
first is thin and delicate. The extine of the mature pollen grain is 
thick (fig. 6, E), smooth, and possesses a single pore. It agrees 
essentially with the figures published by Schacht (17). In the 
protoplasm of the pollen grain are embedded three nuclei. The 
two generative nuclei are elongated and possess numerous dark- 
staining chromatin granules. The vegetative nucleus is spherical 
and has a large spherical nucleolus, but it stains only weakly com- 
pared to the generative nuclei. 

While the pollen mother cells undergo the two divisions and the 
pollen is developing, changes occufin the various layers of the anther 
wall. The cells of the middle layer that have remained small become 
stretched tangentially and are soon obliterated. The cells of the 
tapetum are densely filled with protoplasm and contain at first a single 
nucleus. At about the time the sporogenous cells enter synapsis the 
nuclei of the tapetum divide and the cells become typically binucleated. 
At the time of the formation of the tetrads the tapetal cells show signs 
of disorganization; they separate and the content breaks down and 
is absorbed by the developing pollen. The cells of the epidermis 
and of the endothecium enlarge with increase in the size of the anther, 
and shortly before the dehiscence the cells of the endothecium develop 
thickening bands. 

MACROSPOROGENESI8 

The young ovule is atropous and consists first of a hemispherical 
mass of tissue derived from the morphological apex of the floral 
axis. Soon, however, as a result of differential regional growth it 
curves and becomes anatropous. During this change in position of 
the ovule the ovary increases greatly in size. It is flattened at first, 
becomes spherical, and finally oblong. 

The archesporium is of subepidermal origin. It is wedge shaped 
(fig. 10, A) and at the time when both integuments of the ovule are 
initiated it is easily made out by reason of its relatively large size. 
It occupies over one-third of the nucellus and is eight times the size 
of the surrounding cells. (Fig. 10, B.) It keeps on enlarging until 
the ovule has both integuments fully developed. Then it divides 
rapidly twice, forming a tetrad row of megaspores. The outer 
three cells are gradually disorganized and remain for a time as deeply 
staining masses which finally disappear altogether. (Fig. 11, A") 
The surviving mother cell enlarges and, pushing apart the cells on 
the sides of the narrow channel left by the disintegrating megaspores, 
comes in contact again with the epidermis. 

The development of the embryo sac to the 8-celled stage follows 
the usual course. (Fig. 12, A~E.) The functional megaspore nucleus 
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Figure 10. — A, Young ovule with megaspore mother cell 
differentiating, X 650; B, ovule with megaspore mother cell 
greatly enlarged and integuments already developed, X 050 
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Figure 11.— A, Ovule with row of megaspore tetrads of which three are 
degenerated, X 250; B, ovule with &-celled embryo sac, X 260: o int , 
Outer integument; i int , inner integument; nuc, nucellus; ant, antipodals; 
pol, polars; egg, egg; syn, synergids; mic r micropyle 
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Figure 12— Sugar-cane variety IJ.S. 1694: A-E, Different stages 
in the development of the 8-celled embryo sac, X 600. F, An 
unusual type of embryo sac in which the polars are far removed 
from the egg, X 288. For legend see Figure 11, B. O, A group 
of three polar nuclei in mature embryo sac. X 600. H, Fertiliza- 
tion of the egg; the male gamete is seen inside the egg: m y, Male 
gamete; syn c, synergldal cap; tyn, synergid, X 60Q 
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divides into two nuclei, which lie one in the micropylar end and the 
pother in the region of the chaiaza. The chalazal nucleus divides at 
right angles, and the upper nucleus divides parallel to the long axis 
of the embryo sac. The nuclei of each group divide again. The sac 
now contains eight free nuclei. (Fig. 11, B.) At the micropylar end 
are two pear-shaped synergids with typical synergidal caps and a 
broader egg nucleus. The synergids do not readily take the stain, 
and their nuclei are rarely visible. Near the egg are the two polar 
nuclei, which remain in close contact with the egg and fuse to form 
the primary endosperm nucleus just before fertilization. Abnormali- 
ties in the development of the polars were observed on two occasions. 
In one preparation (fig. 12, F) the polar nuclei of an otherwise normal 
embryo sac were far removed from the egg and practically abut on 
the antipodals; in another preparation (fig. 12, G) there were ob- 
served three well-developed polars instead of two. The three nuclei 
at the chalazal end of the sac give rise to the antipodal complex. 
(Fig. 13, A.) The antipodal nuclei divide several times and each 
nucleus becomes inclosed in a globular mass of protoplasm. The 
antipodal complex shows in section frequently a characteristic crescent 
form. The nuclei vary in size (fig. 13, A); they often stain deeply; 
at other times they appear very faint. The disorganization of the 
antipodal nuclei begins simultaneously with the formation of the 
endosperm. 

The mature embryo sac is covered at the apex by about two layers 
of micellar tissue, the central ones somewhat elongated so that the 
apex of the nucellus is slightly pointed. (Fig. 9, F.) Within the 
embryo sac the granular cytoplasm forms an intricate network and 
is especially dense around the two polar nuclei. A longitudinal 
Bagittal section of the mature embryo sac is shown in Figure 14, A. 
The sac is narrow in the upper part, gradually broadening toward the 
region of the micropyJe. In sections cut at right angles to the sagittal 
the sac appears uniformly narrow. (Fig. 14, B.) 

While the embryo sac is developing the micellar tissue becomes 
disorganized, its disappearance being most rapid in the micropylar 
region and the dorsal side of the ovule. The epidermis of the nucellus 
continues for a long time. Its position and the arrangement of the 
cells render it liable to be mistaken for the aleurone layer before the 
latter is distinctly separated from the endosperm. Later its cell 
content becomes disorganized and the layer disintegrates. 

ANTHESIS OF FLOWERS AND POLLINATION 

The anthesis of the flowers takes place in the early morning hours 
before daylight in the latitude of Canal Point, Fla., according to 
Brandes (3). Calvino (5) confirms this in work conducted at San 
Manuel, Cuba, and states that meteorological conditions greatly 
influence the opening time, the dehiscence of the anthers being 
especially delayed by the presence of dew. Flowers that are about 
to open are recognized by the protruding pistils from the still closed 
glumes. (Fig. «5, B t ) The filaments of these flowers are meanwhile 
increasing in length rapidly while the lodicules begin to swell, gradu- 
ally forcing the glumes apart. The flowers usually remain open for 
only a short time; the pollen is quickly shed and carried by the wind 
to the receptive stigmas of the flowers. 
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Figure 13. — A, Antipodal complex at time of fertilization of the egg, U. S. 1694 variety, X 850; 
B, egg and polars at time of fertilization, U.S. 1694, X 850; C, 3-celled embryo, U. 8 . 875, X 850; 
D, older embryo, U. S. 875, X 220; E, cellular endosperm, U. S. 875, X 850 
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FERTILIZATION AND DEVELOPMENT OF SEED 


r*' The pollen, falling upon the receptive stigmatic papilla, germinates 
immediately. The pollen tube grows through the papilla (fig. 6, B) 
into a lateral branch of the stigma and thence downward until it 
reaches the conductive tissue of the style. Upon entering the ovary 

cavity it grows between 
the outer integument 
and the ovary wall to 
the micropyle, pushing 
down between the cells 
of the nucellus (fig. 9, 
E), which appear to be 
injured by its passage. 
The further history of 
the pollen tube ana the 
actual discharge of the 
male nuclei could not be 
followed in the material 
that was available for 
study, yet the presence 
of the male gametes in 
the egg cell (fig. 12, H) 
and the appearance of 
two nucleoli inside the 
egg nucleus (fig. 14, C) 
of another preparation 
indicate that fertiliza- 
tion has taken place and 
that the process may be 
taken as normal. 

The egg enlarges 
somewhat after fertili- 
zation. (Fig. 14, B.) It 
is pear shaped, some- 
times adhering with the 
narrow end to the mi- 
cropylar end of the sac 
ana sometimes possess- 
sing a broader base of 
attachment. In this 
condition it remains 
until the development 
of the endosperm is well 
advanced. 

The polar nuclei at 
the time of fertilization 
are found in close con- 
tact with the egg. 
(Fig. 13, C, and 14, A, B.) They fuse at the time the eggis fertilized 
or soon after and at once begin to divide rapidly. (Fig. 14, D.) 
The first nuclei are seen in the thin protoplasmic lining in different 
parts of the embryo sac. (Fig. 9, G, and fig. 15.) The nuclei differ 



Figure 14.— A, Longitudinal .sagittal section of embryo sac: 
vol , Polars; syn, synergids; syn c , synergidal cap, X 208. B, 
Longitudinal radial section of embryo sac: po/, Polars, X208. 
C, Egg nucleus with two nucleoli, X 620. D, Fertilized egg at 
rest surrounded by free endosperm (end) nuclei, X 620. For 
legend see Figure 11, B 
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among themselves at all stages in the number of nucleoli which they 
possess. Division in the nuclei is at first simultaneous, since one^ 
observes the same division figures in all the nuclei of the sac. (Fig. ’ 
9, D.) With their increase in number they become larger in size, 
cease dividing, and become inclosed in rather dense masses of 
protoplasm that later becomes separated by cell walls. (Fig. 13, E.) 

The first division of the fertilized egg is transverse and results in the 
formation of a smaller epibasal and a larger basal cell. (Fig. 15.) 
The second division occurs in the basal cell and is also transverse. 
(Fig. 13, B.) This sequence of divisions appears to be common in 
grasses, as shown by the studies of Norner ( 16 ) and Cannon ( 6 ). 
The third division takes place in the epibasal cell, bisecting it parallel 
to the long axis of the embryo sac. The third division, however, 
may occur first in the cell below the epibasal, or it may occur almost 
simultaneously in both cells. Since most varieties of sugar cane 
produce even under favorable conditions only a small percentage of 
seed, it does not lend itself to embryonic studies. Although embryos 
in various stages of development were obtained (fig. 13, B, D), it was 
impossible with the material on hand to follow the sequence of division 
and to follow out the ontogeny of the different parts of the mature 
organ. Further work may disclose that failure of the fertilized egg 
to keep pace with the growth of the ovule and to form a viable seed 
is due to cessation of growth while yet in the proembryonic stage, 
or that it results from abnormalities in the reduction division, 
or unfavorable environmental conditions during the pollination 
period. 


STRUCTURE OF THE SEED AND SEED COAT 

The fruit of the sugar cane, like that of other grasses, is a caryopsis. 
It is narrow, ovate to oblong, and in the region of the embryo there is 
commonly visible a slight depression. At the proximal end is the 
scar of the seed, while the distal end often bears the remains of the 
style. (PI. 1, B.) When immature the seed has a milky-white color, 
but when ripe it is a yellowish brown. The seeds vary considerably 
in size in spite of their minuteness, but it is of interest to note that the 
decrease in size is caused by a reduction in the amount of endosperm 
tissue and that the size of the embryo itself is more or less constant. 
Cobb (7) illustrates the structure of a mature seed with an excellent 
drawing of a cross section near the distal end of the embryo. 

A median longitudinal section through the seed (fig. 16) shows, at 
the proximal end, the relatively large embryo, the position of which 
is marked externally by a slightly lighter color. The embryo is 
partly surrounded by endosperm tissue, and both embryo and en- 
dosperm are covered by the seed coat. The embryo possesses a short 
mesocotyl, at the apex of which is the growing point surrounded by 
rudimentary leaves and inclosed by the coleoptile; at the base is the 
radicle completely inclosed by the coleorhiza. Almost surrounding 
these organs is the scutellum. (Fig. 17, B, C.) It is expanded 
laterally into two wings and extends farther down than the root, 
from which it is separated by a distinct cleft. The epidermis of the 
back of the scutellum, which is in contact with the endosperm, con- 
sists of more or less columnar epithelial cells which secrete diastase 
for the conversion of the stored food of'the endosperm. The plumule 
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Figure 15 -Sugar-cane variety U. 8. 1694. Longitudinal 
sagittal section of ovule with 2-celled embryo and numerous 
endosperm nuclei: ant, Antipodals; nuc., nucellus; i int, inner 
integument; per, pericarp; end, endosperm; emb, embryo; 
p t, pollen tube. X 160 
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Figure 16.— Sugar-cane variety U. S. 165)4. Sagittal section of a 
mature seed and embryo: st , Remains of style; o e per, outer 
epidermis of pericarp; i e per, inner epidermis of pericarp; i Hint, 
inner layer of inner integument; al, aleurone layer; end, filled 
endosperm cells; e e end, empty elongated endost>erm cells; h o, 
cells of hilar orifice; 8 sc, seed scar; ep scut, epithelium of scu 
tellurn; scut, scutellum; col, coleoptile; p c, procambium strand; 
emb l, embryonic leaves; mes, mesocotyl; rad, radicle; r c, root 
cap; colrh, coleorhiza. X 75 
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Figure 17.— Sugar-cane variety U. S. 1694. A, Ovary wall at time of fertilization: o ep, Outer 
epidermis; i tp, inner epidermis; i int, inner integument; nuc , nucellus, X 420. B, Cross section 
of mature seed cutting through scutellura and tip of coleoptile, X 110. C, Section through the 
same seed but at level of radicle, X 110. D, Longitudinal section of germinating seed. X 46. £, 
Cross section through root region of young seedling, secondary and primary roots are separat- 
ing, X 70 
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consists of several rudimentary leaves surrounding the growing 
point. The radicle is covered by the root cap and is inclosed withm 
the coleorhiza. The latter is a parenchymatous tissue connecting 
with the mesocotyl and the lower half of the scutellum. 

The vascular system is present in the form of procambial strands 
consisting of elongated thin-walled cells. A broad procambial strand 
curves outward almost at right angles from the mesocotyl and extends 
upward in the scutellum. Upon the germination of the seed the 
procambial cells become differentiated into vascular elements. 
Simultaneously the epithelial cells elongate slightly and the endosperm 
cells next to the scutellum become devoid of starch. 

Just inside of the seed coat and extending entirely around the 
embryo and the endosperm except in the region of the hilum and the 
micropyle is the aleurone layer. It is usually one cell thick, but 
occasionally several cells are superposed. The individual cells are 
rectangular in transverse and longitudinal sections and polygonal 
with rounded corners in surface view. In front of the scutellum the 
layer consists of smaller cells, while over the plumule and coleorhiza 
it becomes so thin and shriveled that it is difficult to recognize it as a 
separate layer. Each cell of the aleurone layer contains an oval 
nucleus with several nucleoli; the rest- of the cell is filled with spherical 
aleurone grains embedded in an oily cytoplasm. In the region of 
the hilum and the proximal end of the scutellum lies a light-colored 
mass of elongated somewhat irregular empty endosperm cells. The 
endosperm tissue is made up of thin-walled polyhedral cells with 
those adjoining the aleurone layer smaller chan the central ones. 

The seed coat of the sugar-cane seed consists of the fused pericarp 
and the inner integument. The pericarp is made up of several 
layers of cells, of which only the outer and the inner epidermis are 
distinguishable. The outer epidermis is slightly undulated and 
consists of larger rectilinear cells with relatively thin walls. (Fig. 
17, A.) The inner epidermal consists of thin-walled tubular cells, 
which lie parallel to the outer epidermal cells running from base to 
apex. (Fig. 17, A.) They are circular or broadly elliptical in cross 
section. 

The inner integument forms a single layer of cells, continuous 
except at the hilum. (Fig. 16.) The cells are much larger than 
those of the pericarp. The walls are yellowish brown in color and 
the lumen becomes filled with a homogenous content. Toward the 
distal end these cells increase in size, and over the embryo they are 
thinner and lighter colored. 

The micropyle is closed by the cells of the inner integument. The 
pericarp over the micropyle consists of a distinct inner and outer 
epidermis with three to four thin-walled cells between. The outer 
epidermis consists of thick -walled cells with large lumina and the 
inner epidermis of thick-walled pigmented tubular cells. 

Since the seed never becomes detached from its pericarp, there is 
no true seed scar; however, there is a large opening in the inner 
integument in the position corresponding to the hilum. (Fig. 16.) 
Stretching over this region is a continuous stratum of several layers 
of pericarp cells with somewhat thickened walls. It is known as the 
closing tissue of the hilar orifice and has been described in detail by 
Harrington ( 11 ) for the seed of Johnson grass. 
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The germination of sugar-cane seed has been studied by various 
investigators, and Kruger (15) gives a series of drawings illustrating 
<T f5e stages in the development of the seedling. The material on 
which Plate 1, B, is based was furnished by B. A. Bourne, Office of 
Sugar Plants, who grew freshly harvested, hulled, and sterilized seed 
on agar cultures. He obtained the first indication of germination 
after 24 hours if he left the Petri dishes containing the seed exposed 
to the warm rays of the sun. 

The primary root grows a few millimeters, develops a few stubby 
root hairs, and is then displaced by a secondary root. (Fig. 17, E.) 
This first lateral root as well as those following possess numerous 
root hairs, and the region of the root cap is usually colored red. After 
the emergence of the radicle the plumule elongates and the develop- 
ment of the seedling takes its normal course. A median sagittal 
section of a 36-hour-old seedling is shown in Figure 17, 1). The 
radicle, although already broken through the pericarp, is still inclosed 
within the coleorhiza. The plumule became bent in the elongation 
process and was cut obliquely as seen in the picture. The cells of the 
epithelial layer of the scutellum have somewhat elongated, but there 
is no indication as yet of starch removal from the endosperm. 

SUMMARY 

Sugar-cane flow ers are arranged in spikelets grouped in pairs, one ses- 
sile and the other stalked. Each flow er is subtended by two bracts, 
which form the outer and inner glumes. Inside the outer glume is 
the sterile lemma inclosing in its turn the fertile palea. The fertile 
lemma is absent in most of the varieties of Saccharum ojfwinarum 
but is present in the form of a thin, narrow scale in S. spontaneum 
and all its hybrids observed. At the base of the flower, just inside 
the inner glume, are two short hyaline lodicules. Lastly, the axis 
bears a whorl of three stamens and an ovary containing an ascending 
anatropous ovule. 

The rachis possesses normally five bundles, two large and three 
small ones. These bundles split in the region of the rachis joint into 
a number of traces to supply the floral parts of the sessile flower and 
the pedicel of the stalked spikelet. One of the large bundles splits 
into three strands, of which two subsequently fuse again and continue 
into the next rachis segment, while the third strand extends into the 
pedicel. The second large bundle forks, one branch extending into 
the next rachis segment and the other forming the larger part of the 
vascular system of the sessile flower. 

The stalked spikelet of the varieties studied starts development 
before the sessile one, but the difference gradually lessens so that at 
the time of fertilization both spikelets are equally far advanced. 

Microsporogenesis in the varieties studied is normal. The chro- 
mosome number in U. S. 875, which is a Kassoer seedling, is # = 58; 
the number in U. S. 1694, which is a P. O. J. 213 seedling, is ® = 40. 

The megaspore mother cell is subepidermal in origin. It enlarges 
without previously cutting off a parietal cell and then divides twice to 
form the typical tetrad of megaspores, of which the innermost develops 
into the embryo sac. The latter is separated from the micro pyle by 
Several layers of nucellar tissue. Two cells of the outer layer of this 
tissue are especially large and serve as entrance for the pollen tube. 
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Both integuments of the ovule are in places more than two cells wide, 
especially in the region of the micro pyle, but the outer integument^ 
surrounds the ovule only partly. * 

The antipodal cells increase in number and become in addition 
binucleated or multinucleated. Often their nuclei vary considerably 
in size. At the time of fertilization the antipodal complex degenerates. 

The synergids are well developed but remain inconspicuous because 
of their poor staining reaction. The synergidal caps are well devel- 
oped, but the nuclei of the synergids are seldom observed. 

The polars which always closely adhere to the egg fuse at the time 
of fertilization, or soon after, and initiate free nuclear endosperm 
formation, which becomes cellular first in the region of the embryo. 

The early development of the embryo does not differ from that in 
other grasses, the first two divisions of the zygote being transverse. 
The mature seed also possesses the typical structure of the grass 
caryopsis. 

The seed coat consists of the fused pericarp, of which, however, only 
the outer and the inner epidermis and the inner layer of the inner 
integument are recognizable. 
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SULPHUR-SPRAY RESIDUES AND THE SWELLING OF 
TIN CANS PACKED WITH PEACHES 1 


By C. W. Culpepper, Physiologist , and H. H. Moon, Junior Pomologist, Office 
of Horticultural Crops and Diseases, Bureau of Plant Industry , United Slates 
Department of Agriculture 


INTRODUCTION 

The varieties of peaches generally grown for supplying the fresh- 
fruit market are sometimes canned in considerable quantities, espe- 
cially in years of overproduction. Owing to the nature of these 
varieties and to the warm summer temperature, the fruit ripens 
rapidly and becomes soft in a very short time after ripening begins. 
Notwithstanding prompt picking and handling, many peaches arrive 
at the canning plant too soft to be peeled with the usual lye-peeling 
machines. Such fruit is generally canned by being washed and 
packed in the usual way without peeling. Fruit packed in this way 
is sold as “pie peaches . ” Since the adoption of the sulphur sprays 
for the control of the brown-rot fungus, difficulty has been encoun- 
tered with this material because of "the swelling of the cans in a few 
months after canning. The extent of this loss varies greatly in 
different years. 

At the request of some of the canners at Fort Valley, Ga., the writers 
undertook some work upon this problem in 1925 with the hope of 
gaining a better understanding of these difficulties. 

LITERATURE 

At the beginning of the work it was apparent that the swelling was 
due to spray residue, for no trouble had been experienced with lye- 
peeled material packed in the usual way. 

Clough, Shostrom, and Clark (/) 2 had already shown that a lime- 
sulphur spray upon gooseberries caused gas formation when such 
fruit was packed in tin cans. The gas present was mainly hydrogen, 
but it was alwavs accompanied by more or less hydrogen sulphide. 
They also found that the gas formation was considerably retarded 
when the fruit was canned in a heavy sirup. 

Stevenson (9) has shown that lime-sulphur spray on cherries 
causes the swelling of the container when they are put up in plain 
tin cans. He hafc also shown that difficulty may be encountered in 
washing the spray residue from the fruit. He refers to one instance 
of swelling of cans of unpeeled pio peaches caused by lime-sulphur 
spray. 

EXPERIMENTAL WORK 

In 1925 and 1926 lots of fruit that showed the presence of adhering 
spray material were selected from the orchard. A quantity of fruit 
that had received no spray whatever was also obtained. The 
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unsprayed material was canned without peeling, both with and with- 
out exhaust. One portion of the sprayed material was canned without 
''being washed; another was canned after being washed in cold water; 
one was dipped in hot dilute lye (0.1 per cent was used, and at fre 
quent intervals enough was added to keep the solution slightly 
alkaline) and then washed by being sprayed with jets of cold water; 
another portion was canned after being lye peeled in the usual way. 

In the unsprayed unpeeled lots and in the lye-peeled lots that had 
been exhausted for four minutes no appreciable swelling occurred 
in two years. The unsprayed unpeeled lots and the lye-peeled lots 
that were not exhausted showed about 10 per cent of “flippers” 3 
at the end of two years. In the 1925 pack practically all the un- 
peeled sprayed material that was given an exhaust — that unwashed 
and that washed in cold water — swelled 8 to 14 months after canning. 
In the 1926 pack the lots thus treated required several months longer 
to develop swelling, and some had not swelled at the end of two years. 
The unexhausted cans of unpeeled sprayed fruit swelled very much 
sooner, some in a few weeks after canning, and nearly all swelled 
in two years. The lots washed in dilute lye and exhausted did not 
swell in two years. The unexhausted cans of fruit that had been 
washed in dilute lyc contained about 10 per cent of “flippers” or 
“swells” at the end of two years; that is, they behaved about like the 
imsprayed unexhausted checks. It is clear that an efficient exhaust 
will greatly prolong the time required for swelling to occur. 

It is very evident from these experiments that spray residue is 
rather hard to wash from the surface of peaches. This seems to 
be due to the insoluble nature of the spray residue and to the velvet- 
like covering of plant hairs upon the fruit. Washing with cold water 
and even with hot water did not seem to be entirely effective. Im- 
mersing the fruit in hot dilute lye for a few seconds and then washing 
with cold water has proved effective during the two years that this 
treatment has been used. It has been found possible to dip quite 
soft fruit into hot dilute lye for 15 to 30 seconds and then to remove 
the lye by spraying with jets of cold water without causing disinte- 
gration. 

EFFECT OF VARIOUS FORMS OF SULPHUR 

Since it is possible that the sulphur may exist upon the fruit in 
several forms, it seemed advisable to determine which form is respon- 
sible for the swelling of the cans. Accordingly, in 1925 five lots of 
unsprayed peaches were put up in No. 2 plain tin cans to which 
were added lime-sulphur spray, free sulphur as flowers of sulphur, 
hydrogen sulphide, sodium thiosulphate, and sodium sulphite, respec- 
tively. The quantity of fruit filled into the cans varied from 325 to 
350 gin., and the quantity of water added varied accordingly, the 
total weight of the contents being approximately 540 gm. The lots 
of cans were divided into two series; one series received the equiva- 
lent of 100 mg. of sulphur per can, and the other received the equiva- 
lent of 10 mg. The sulphur was added as the fruit was packed m the 
cans. After the proper quantity of water had been added, the cans 
were exhausted and sealed. In the case of the hydrogen sulphide the 
addition was made subsequent to exhausting and just before sealing. 

» A “flipper” is a can slightly distended with'gas; a “swell” is one distended more firmly or to a greater 
extent. 
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The cans containing lime-sulphur spray or hydrogen sulphide 
showed swelling first, whereas those containing sodium thiosulphate 
were the last to show swelling. The lots canned as checks contained ‘ 
less than 1 per cent of swells at the end of two years. The lots receiv- 
ing 100 mg. of sulphur in all the above-mentioned forms swelled within 
two years; those receiving the equivalent of 10 mg. of sulphur — as 
hydrogen sulphide, sodium sulphite, or in the form of lime-sulphur 
spray— showed a few swells at the end of the first year of storage, and 
at the end of two years 10 to 30 per cent of the cans were swollen; 
those receiving 10 mg. of sulphur as sodium thiosulphate did not 
show swelling of the cans in two years. 

From these tests it is apparent that sulphur in almost any form will 
cause swelling of the cans and that sometimes very small quantities 
will suffice to produce this effect. 

In 1926 the experiments were repeated, 100 mg. of sulphur per can 
being used in the forms employed in the preceding year, and in addi- 
tion ferrous sulphide and sulphurous and sulphuric acid were included. 
These were canned both in cans that were exhausted and in unex- 
hausted cans. The unexhausted cans containing sulphur swelled in a 
very short time, and even the unsprayed checks that were not ex- 
hausted developed a few flippers at the end of two years. The prop- 
erly exhausted cans usually required several months longer to swell. 
According to Machines and Conticri (A), hydrogen overvoltage is 
increased when the gas pressure is decreased. Hence, properly 
exhausted cans liberate hydrogen with less ease than unexhausted 
cans. Sodium sulphide, ferrous sulphide, and sulphurous acid 
caused swelling of the cans, as did the other forms of sulphur. The 
sulphuric acid sometimes caused swelling, but frequently the cans 
pinholed before sw elling. 

It appears from these experiments that it is not hydrogen sulphide 
alone that causes the swelling. The gas present in the cans is largely 
hydrogen. The small quantity of hydrogen sulphide present acceler- 
ates the liberation of hydrogen caused by the action of the acids of 
the fruit on the metal of the container. 

CORROSIVE ACTION OF SULPHUR ON THE CAN 

In examining the lots of cans it w as observed that the cans contain- 
ing sulphur-sprayed fruit or having other forms of sulphur added to 
the fruit in the can appeared to be much more corroded than the 
check lots. It appeared that to a considerable extent the gas forma- 
tion resulted from increased action of the fruit acids on the can. 

To throw further light upon the mechanism of swelling and the 
corrosive action of sulphur upon the can, certain lots of cans were 
carefully weighed and filled with water or with 0.5 per cent citric 
acid. Citric acid in this concentration was used because it is the 
principal acid of the peach and because the total acidity is approxi- 
mately of a concentration corresponding to 0.5 per cent citric acid. 
Various forms of sulphur were then added and the cans processed in 
the usual way, either with exhaust for three minutes or without any 
exhaust whatsoever. At the end of three months the cans were 
examined, one end was removed by a smooth cut, the cans were 
washed, dried, and again weighed. The loss in weight represents 
the extent of the corrosion that occurred. Much black sulphide 
56729 — 29 3 
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adhered to the cans receiving sulphur. This was removed by adding 
r a little hydrochloric acid to the can for a few seconds and then quickly 
washing off the acid with water, drying, and weighing. Detailed 
notes were taken upon the appearance of the container, the odor of 
the contents, and the presence or absence of gas formation in the can. 
The results are shown in Table 1. 

Table 1 . — Corrosive action of various forms of sulphur upon the tin can 


Substance added to the can 

U 2 0 

0.5 per cent citric acid 

0.5 per cent citric acid and 50 
mg. sulphur. 


0.5 per cent citric acid and 100 
mg. sulphur. 


Distilled water and 100 mg. 
sulphur. 

0.5 per cent citric acid and 100 
mg. sulphur as hydrogen sul- 
phide. 

Distilled water and 100 mg. of 
sulphur as hydrogen sul- 
phide. 

0.5 per cent citric acid mid 400 
mg. sodium hydrogen sul- 
phite. 

Distilled water and 400 mg. so- 
dium hydrogen sulphite. 

0.5 per cent citric acid and 300 
mg. sodium thiosulphate. 

0.5 per cent citric acid and 5 e. 
c. of 5 per cent sulphurous 
acid. 

Distilled water and 5 c. c. of 5 
per cent sulphurous acid. 

0.5 per cent citric acid and 500 
mg. ferrous sulphide. 

Distilled water and 500 mg. 
ferrous sulphide. 

0.5 per cent citric acid and 500 
mg. stannous sulphide. 

1 per cent citric acid and 500 
mg. stannous sulphide. 


Treatment 

Condition 
as to 
swelling 

Odor of 
H 2 S 

Black 

discol- 

oration 

Perforation 

Loss of 
weight 
per can 
(grams) 

3 minutes exhaust. 

Normal. 

Absent.. 

Absent.. 

Absent 

0.011 

f do 

--do. 

...do 

...do 

. do 

. 059 

\No exhaust ._ 

..do. 

...do 

-.do_... 

..do 

. 117 

J3 minutes exhaust. 

Swelled . ... 

Present . 

Present . 

.do 

. 525 

\ No exhaust . 

...do ...... 

..do .... 

. . do .. . 

—do 

. 552 

3 minutes exhaust. 

...do 

do 

__do 

...do 

. 579 

No exhaust 

do 

do 

. do_. .. 

...do 

.551 

Head space filled 

. do 

. .. do 

.do 

...do 

. 898 

with nitrogen, 
mead space filled 

_ .do 

do 

. . do 

—do 

.838 

with hydrogen. 
Head space filled 

. do 

do 

do — 

—do 

. 737 

wdtli oxygen. 

l#,-: 





13 minutes exhaust 

Normal . 

Faint. . 

...do 

. do 

. 155 

(No exhaust 

...do 

...do ._ 

...do. ... 

do 

. 175 

do 

Swelled . . . 

Present . 

...do 

50 per cent. 

. 775 

do. 

Normal . . 

Faint. 

...do ... 

Absent 

.089 

|3 minutes exhaust. 

Swelled . . 

.do 

. .do 

...do. 

1. 151 

ij No exhaust 

. do . 

.do 

. . . do 

...do 

1.095 

13 minutes exhaust . 

Normal 

Absent.. 

...do 

— do. 

.237 

I No exhaust 

do 

do 

—do 

...do 

.270 

J3 minutes exhaust . 

Swelled. .. 

Faint or 
absent, i 

.. do.— 

...do 

1. 201 

1 No exhaust ... 

...do 

... do 

...do. ... 

. do. 

1. 205 

1 3 minutes exhaust 

_ do . 

L . do 

. do ... 

20 per cent. 

.974 

jNo exhaust 

...do . .. 

...do ...... 

..do ... 

Absent 

1. 050 

13 minutes exhaust _ 

Normal 

Absent.. 

.. do 

— do 

. 193 

1 No exhaust 

do 

do 

do 

___do 

.481 

13 minutes exhaust . 

Swelled . . . 

Present. 

...do 1 

20 per cent. 

1.327 

iNooxhaust, 

...do 

do 

.... do | 

.. do 

1 . 050 

[3 minutes exhaust . 

Normal. 

Absent 

Absent..! 

Absent 

.020 

I 


or faint. 

| 



1 No exhaust 

...do. 

...do 

...do | 

...do 

. 025 

3 minutes exhaust. 

20 per cent 

-.-do 

Present, j 

...do 

.363 


flippers. 


1 



do 

...do 

Faint. . J 

...do ! 

40 per cent. 

.674 


It is evident from Table 1 that the properly exhausted cans con- 
taining citric acid were not greatly corroded but that the unexhausted 
cans were somewhat more severely attacked. The quantities of 
sulphur used caused much corrosion, and exhausting seemed to make 
comparatively little difference in the result. The same is true with 
cans in which the head space was filled with nitrogen, hydrogen, or 
oxygen. In most cases where sulphur had been added at least a 
faint odor of hydrogen sulphide was present. It was always more 
pronounced in cans containing acid and was faint or absent in cans 
filled with sulphur and distilled water. Perforations occurred in 
several lots, and undoubtedly many more would have developed had 
the experiment been continued longer. 

It is noted that no swelling occurred where distilled water and 
.sulphur were canned together, whereas the cans filled with 0.5 per 
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cent citric acid with sulphur added invariably swelled. It is apparent 
that the acid of the fruit is the primary cause of the formation of the 
gas. The sulphur seems merely to accelerate a tendency already 
present. The cans containing sulphur in such forms that it could 
combine with the metal of the container, however, were corroded 
regardless of the presence of the acid. For example, hydrogen 
sulphide corroded the can whether acid was present or not, but it 
did not swell the can unless acid was present. Ferrous sulphide 
in the presence of acid severely corrodes and causes swelling of the 
can, but when it is canned with water no corrosion and no gas 
formation occurs. 

These experiments indicate that the spray residue reacts upon the 
metal of the container to form sulphides. If acid is present the 
metallic sulphides are decomposed and hydrogen sulphide is formed, 
at least- to a small extent. The hydrogen sulphide thus liberated 
accelerates the liberation of hydrogen gas as a result of the action of 
the acid upon the metal of the container. 

LIBERATION OF GAS FROM IRON AND TIN 

To determine whether the formation of the hydrogen gas was 
the result of the action of the acids upon the tin or the iron of the 
can, strips of steel plate, such as are used in the manufacture of cans, 
and plates of block tin of equal size were immersed in citric acid or 
water in Ehrlenmeyer flasks, with ordinary burettes so attached that 
any gas formed could easily be detected and measured. In another 
set of flasks with iron and tin immersed in citric acid the changes in 
pressure in the flasks were measured by means of manometers. From 
the changes in pressure the quantity of gas formed could be com- 
puted. The two methods agreed in their general result. A number 
of these tests were set up with the addition of various forms of sul- 
phur, and in no case were appreciable quantities of gas liberated from 
tin. This is probably due to the high overvoltage of hydrogen on 
tin, as shown by Newbery (7). If oxygen was present the pressure 
in the flasks was lowered, indicating the absorption of that element. 
No appreciable quantity of hydrogen was liberated from iron in 
distilled water, but hydrogen was liberated from iron immersed in 
0.5 per cent citric acid whether sulphur was present or not. Libera- 
tion of hydrogen wuis always much more rapid in the presence of 
sulphur. 

The foregoing experiments show that citric acid of the concentra- 
tion present in the peach will cause hydrogen-gas formation when 
in contact with iron alone. 

ELECTROCHEMICAL NATURE OF THE CORROSIVE PROCESS 

Since the iron of the tin can is more or less imperfectly covered with 
tin, it seems desirable to know why the fruit rarely causes swelling in 
the absence of sulphur although there is corrosion and gas formation 
when small quantities of sulphur are present. This seems to find 
rather adequate explanation in the electrochemical theory of corrosion 
(*, 8 , 11 ). 

To discover what effect the placing of the metals iron and tin in 
contact would have upon the nature and extent of corrosion when 
immersed in peach juice, an experiment was carried out wherein 
700 c. c. of juice from the Belle variety was placed in each of four 
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ordinary fruit jars. In the first jar a piece of iron 3 by 4 inches 
(7.5 by 10 cm.) such as is used in the manufacture of tin cans was 
placed; in the second, a piece of block tin of equal size was placed; 
in the third, a piece of iron and a piece of tin were placed but not in 
contact; in the fourth, pieces of iron and tin firmly in contact were 
placed. The jars were then put into a retort and steamed for 20 
minutes, after which the clips were snapped down, sealing the jar. 
By this method most of the oxygen was excluded. Before the pieces 
of tin and iron were introduced into the jars, the metals were care- 
fully cleaned with hydrochloric acid, dried, and weighed. 

At the end of six months the experiments were terminated, and 
the strips of iron and tin ware washed, dried, and weighed again. 
In the first jar the iron (alone) lost 0.555 gm.; the tin (alone) in the 
second jar lost 0.009 gm. In the third jar with the two metals not in 
contact the iron lost 0.167 gm. and the tin lost 0.164 gm. ; in the fourth 
jar with the metals in contact the iron lost 0.038 gm. and the tin lost 
0.212 gm. It is evident that the iron is greatly protected from cor- 
rosion by contact with tin, and that tin in contact with iron is sub- 
jected to much greater corrosion. These results are in general 
agreement with the findings of Kohman ( 3 ) and also with those of 
Lueck and Blair (4). It is noted that*fhe total corrosion occurring in 
the fourth jar is somewhat less than the total in the third jar and much 
less than in the first jar, with iron alone. It appears that the iron is 
protected to some extent when tin is present in the same vessel, 
even when they are not in contact. These 'tests would indicate that 
tin is anodic to iron when they are used as electrodes in a galvanic cell 
with peach juice as the electrolyte. The tin behaves as the dis- 
solving electrode in such a cell. This would indicate that in ordinary 
canning operations iron is generally cathodic to tin. 

A cell containing peach juice as electrolyte and iron and tin as 
electrodes was set up. The resulting potential was small, but con- 
sistently indicated that iron was cathodic to tin. If there were ferric 
ions in the electrolyte this result is just what would be expected from 
their position in the electrochemical series. In accordance with the 
normal electrode potentials ( 10 ), divalent iron is above tin and 
trivalent iron below tin in the electrochemical series. Since oxygen 
was present to some extent in the cells heretofore described, it seems 
probable that enough ferric iron was present to give the polarity 
indicated. 

EFFECT OF OXYGEN AND SULPHUR ON POLARITY OF IRON AND TIN 

To show the effect of oxygen and sulphur on the polarity of iron 
and tin, the cells indicated in Table 2 were set up. 

The electrode vessels used were wide-mouthed jars fitted with 
rubber stoppers. These were filled about three-fourths full of citric 
acid (700 c. c.) as electrolyte. The acid was boiled just previous to 
being placed in the jars. Through the rubber stoppers a 0.5 per cent 
citric acid-agar bridge connecting the vessels containing the elec- 
trodes was inserted. The electrodes were carefully cleaned with 
hydrochloric acid, washed with distilled water, wiped with a clean 
dry towel, and immediately dried for a short time in an oven. They 
were then inserted through the rubber stoppers. Glass stopcocks 
were also inserted through the stoppers to pass nitrogen or oxygen 
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through the electrode vessels as desired. Where the presence of 
sulphur is indicated, 0.3 grn. of flowers of sulphur was added to the 
electrode vessel. A little hydrogen sulphide was also added at the' 
time the electrodes were inserted. The cells thus set up were kept 
in a room with a constant temperature of 30° C. 

Diagram indicating the polarity of iron and tin under varying conditions 


No. 


Diagram of cell 


Resulting polarity 


1 P Iron.-. Citric acid, oxygen 0.5 per cent citric 0.5 per cent citric Tin... Iron anodic at first, 
I excluded. acid, agar-agar acid, oxygen ex- but became cath- 

f bridge. eluded. odic. 


2 Iron . 0.5 per cent citric 0.5 per cent, citric 0.5 per cent citric Tin... Iron cathodic, 
acid, oxygen pres- acid, agar-agar acid, oxygen ev- 
ent. bridge. eluded. 


Iron .. . 0.5 per cent citric 0.5 per cent citric 0.5 per cent citric Tin. . Iron anodic, 
acid, oxygen ex- acid, agar-agar acid, oxygen pres- 
cinded. bridge. ent. 


4 

Iron 

0.5 per cent citric 

0.5 per cent citric 

•0.5 per cent citric 

Tin 

Iron anodic. 



acid, sulphur pres- 

acid, agar-agar 

acid, sulphur 





ent, oxygen ex- 

bridge*. 

present., oxygen 





cluded. 


absent . 




5 Iron . 0.5 per cent citric 0.5 per cent citric 0.5 per cent citric Tin Iron anodic, 
acid, sulphur pres- acid, agar-agar acid, sulphur 

ent. oxygen ah- bridge. absent, oxygen 

sent. absent. 


0 Iron 0.5 per cent citric 0.5 per cent citric I 0.5 per cent citric Tin. . Iron cathodic, 
acid, sulphur ab- acid, agar-agar I acid, sulphur 

sent, oxygen pres- bridge. I present, oxygen 

ent. I absent. 


The potential between tin and iron was never very great, and the 
polarity could frequently be changed by bubbling the gas through one 
electrode vessel and not through the other. The potential difference 
was measured at frequent intervals for 20 days. The potential was 
variable and drifted one way or the other depending upon the rate at 
which oxygen or nitrogen was bubbled through the vessels. The 
polarity was quite generally that indicated in Table 2. Since the 
condition of the surface of the electrodes is so very important, the 
results obtained here should be considered only as indicating a general 
tendency. It seems that where oxygen is present the tendency is for 
iron to be cathodic and where hydrogen sulphide is present the general 
tendency is for iron to be anodic. This is in general agreement with 
the normal electrode potentials of tin and of divalent and trivalent 
iron ( 10 ). Divalent iron stands above tin, whereas trivalent iron 
stands below tin in the electrochemical series. The experiments 
indicate that in ordinary canning operations tin is anodic to iron, but 
where hydrogen sulphide is present the ferric salts are reduced to the 
ferrous form, and iron may become anodic to tin. Oxygen also acts 
to prevent the formation of a polarizing film of hydrogen. The spray 
residue therefore tends to reverse the polarity between tin and iron 
and makes the iron the dissolving electrode of a galvanic cell wherever 
the tin does not completely cover the iron. 
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The galvanic action between iron and tin does not account for the 
increased liberation of gas when sulphur is present. When iron is 
anodic and is being dissolved by an acid the hydrogen must be liber- 
ated at the cathode. Since in these experiments tin has never been 
observed to liberate hydrogen, it would appear that the hydrogen is 
liberated from the iron directly as a result of localized chemical action 
upon the iron. When free sulphur was present the liberation of gas 
from the particles of sulphur has been observed. In this case the 
electrochemical action was between iron as anode and sulphur as 
cathode. 

The corroding action of an electrolyte is generally slowed down by 
the accumulation of ions of the corroding metal, and the corrosion 
process may even be stopped altogether. In this case hydrogen 
sulphide prevents the accumulation of ferrous and ferric ions and 
therefore maintains the tendency to dissolve at its maximum value. 
This must increase the tendency to liberate hydrogen or hydrogen 
sulphide and also tends to make iron anodic to tin. 

POLARITY OF IRON AND TIN AS RELATED TO CORROSION 

To determine just how tin and iron react in an electrolyte when 
sulphur is present, an experiment wi performed wherein 700 c. c. 
of 0.5 per cent citric acid was placed in each of four ordinary fruit 
jars. The acid was boiled just previous to being placed in the jars. 
To each jar 0.3 gm. of flowers oi sulphur was added. Plates of iron 
and tin were introduced into these jars as 'follows: In the first, iron 
alone; in the second, tin alone; in the third, tin and iron not in con- 
tact; and in the fourth, iron and tin placed firmly in contact. The 
jars were then heated 20 minutes in a steam bath, after which the 
tops were clamped down and the jars sealed as in ordinary canning 
operations. They were thus very nearly free from oxygen. After 
the jars had been stored for 134 days the metal plates were removed, 
dipped for an instant in hydrochloric acid, then washed with water, 
wiped with a dry towel, dried for a short time in an oven, and weighed. 

In the first jar the iron (alone) lost 1.126 gm.; in the second the tin 
(alone) lost 0.172 gm. In the third jar, with tin and iron not in con- 
tact, the tin lost 0.12 gm. and the iron lost 1.673 gm.; in the fourth, 
with tin and iron placed firmly in contact, the tin lost 0.013 gm., and 
the iron lost 2.198 gm. 

It is therefore evident that the presence of sulphur causes intense 
corrosion of the iron. The tin corrodes vory much less than the iron. 
The tin in contact with the iron does not protect it, but on the other 
hand the tin is protected to some extent from corrosion by contact 
with iron. 

This is the exact reverse of the relationship obtained with the 
same metals when immersed in peach juice and in citric acid without 
the addition of sulphur. This seems satisfactorily explained by the 
relative positions of tin and of divalent and trivalent iron in the elec- 
trochemical series. With an oxidizing acid and with more or less 
oxygen present, as in the peach iuice, ferric iron may be present, 
which would make the tin the dissolving electrode. If hydrogen 
sulphide is present any ferric iron would be reduced to ferrous iron, 
and therefore the iron would be the dissolving electrode, or anodic to 
tin when in contact with it. It seems that where oxygen or an oxi- 
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dizing acid is present a certain degree of passivity is conferred upon 
the iron, and the addition of hydrogen sulphide destroys this passivity. 
The effect of oxygen and oxygen-supplying acids may also partly 
explain some of the results of Man tell and Lincoln (6*), of Lueck and 
Blair (4), and of Kohman (3). Of course many factors are concerned, 
such as temperature, nature of the electrolyte, concentration of the 
metallic ions in the electrolyte, the character of the surfaces of the 
corroding metals, and their overvoltage values. From these experi- 
ments, however, it is clear that sulphur is of considerable importance 
in canning operations, since many vegetables are known to liberate 
hydrogen sulphide during sterilization. Even immature fruits may 
liberate small quantities of hydrogen sulphide when heated. Much 
more work will be required to determine the exact effect of sulphur 
with different products and to control its action favorably in the 
canning process. 

SUMMARY 

Sulphur-spray residues are sometimes rather difficult to remove 
from the surface of peaches. The presence of this sulphur in the can 
causes the formation of hydrogen sulphide and hydrogen gas, with 
the consequent swelling of the can. 

Washing in cold water and even in hot water does not always 
prove effective in removing the spray material. Dipping the fruit in 
hot dilute lye for a few seconds and then washing the fruit with jets 
of cold water has proved effective in the two seasons in which it has 
been used. It has been found possible in this way to handle rather 
soft fruit without disintegrating it. 

Almost all forms of sulphur in the acid juices of the peach cause 
the swelling of the can. Lime-sulphur spray, hydrogen sulphide, 
sodium sulphide, sodium sulphite, sodium thiosulphate, flowers of 
sulphur, ferrous sulphide, stannous sulphide, and sulphurous acid 
have caused swelling of tin cans in experimental packs. 

Aside from causing the can to swell sulphur has a corroding effect 
upon it. In addition to itself combining with the metal, it seems to 
act as a catalytic agent, greatly accelerating the action of the natural 
fruit acids upon the metal of the container. 

In the presence of organic acids most forms of sulphur will cause 
corrosion and swelling of the can, but in the absence of these no swel- 
ling of the can occurs. However, if the sulphur is in such form that 
it can combine with the metal it will corrode the can in the absence 
of acid. Thus, flowers of sulphur corrodes the can whether acid is 
present or not; ferrous sulphide does not cause appreciable corrosion 
in absence of acid, but in the presence of acid it greatly corrodes the 
can. 

The action of organic acids upon tin does not result in the liberation 
of hydrogen, but hydrogen is liberated from iron by organic acids. 
Thus it seems that if the iron in the container could be completely 
covered with tin the possibility of gas formation would be much less. 

The electrochemical theory of corrosion seems to offer a rather 
adequate explanation of the phenomena here observed. 

In ordinary canning the acid juices of the peach act as an electro- 
lyte in which iron is cathodic to tin when they are in contact. If 
hydrogen sulphide is present this relationship is reversed, and iron 
becomes anodic and tin cathodic. 
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In the presence of oxygen or an oxidizing acid, iron is usually 
cathodic to tin, whereas if a reducing agent such as hydrogen sulphide 
is present, the iron is anodic to tin when they are in contact. This 
relationship, together with the fact that hydrogen sulphide accelerates 
the liberation of hydrogen from iron, seems to account completely 
for the swelling of the cans in the cases here described. 
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STUDIES ON SCLEROTIUM ROLFSII, WITH SPECIAL 
REFERENCE TO THE METABOLIC INTERCHANGE 
BETWEEN SOIL INHABITANTS 1 

By H. R. Rosen, Professor of Plant Pathology , and Lijtheu Shaw, Graduate 
Assistant in Plant Pathology , University of Arkansas 

INTRODUCTION 

During the past decade soil-inhabiting plant pathogenes have 
received an increasing share of attention from plant pathologists, 
and a considerable amount of information has been accumulated 
concerning the importance of various climatic and soil factors, soil 
temperatures in particular, in the inception and development of 
disease (.9, 10). 2 

While various investigators had previously called attention to the 
importance of environmental factors in influencing disease expression 
of various pathogenes, the relative newness of these studies may be 
judged by the fact that, while such a factor as temperature was 
substantially recognized as a conditioning agent by Pasteur and his 
associates in 1878 (16) in their study of the immunity and suscep- 
tibility of chickens to anthrax, very little attention had been given 
to such studies, at least by plant pathologists, until the past few years. 

It is, therefore, not surprising that a number of phenomena relative 
to environmental conditions remain to be investigated, and that some 
results obtained by varying only one or two environmental factors will 
be materially modified when a number of natural environmental con- 
ditions acting simultaneously are carefully studied under controlled 
conditions. In this article attention will be directed to the interaction 
of two soil fungi in limiting or enhancing each other’s growth. The 
studies here reported involve principally Sclerotium rolfsii, a fungus 
which seems to be world-wide in its distribution. 

Numerous citations may be found in mycological and pathological 
literature to the interaction of various fungi, bacteria, and protozoa, 
but as these have been well summarized by Harder (5) and more 
recently by Porter (18) there is no need of considering them here. 
Many of these references concern the inhibitory or stimulatory action 
of a contaminant obtained in the process of culturing some pathogene. 
Others refer to the production of fruiting bodies when two strains of 
some Mucor, Glomerella, or other species of fungi are brought together. 
Very little is to be found on the influence of inhabitants of the soil in 
limiting or stimulating growth and parasitism of soil-inhabiting and 
root-invading plant pathogenes. Porter was concerned largely with 
the modifications in growth brought about in a large and heterogeneous 
collection of fungi and bacteria when two or more are brought to- 
gether. Incidental to this he found that a bacterial species, desig- 
nated as No. 45, strongly inhibited the growth on culture media of 
various fungi, including pathogenic species of Helminthosporium and 

1 Received for publication Feb. 0, 1929; issued July, 1929. Research paper No. 131, Journal Series, 
University of Arkansas. 

2 Reference is made by number (italic) to “Literature cited," p. 60. 
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the flax- wilt fungus, Fusarium Uni. He also found some inhibitory 
effect on Helminthosporium when seedlings of wheat were grown on 
soil inoculated with No. 45 as well as with Helminthosporium. On 
the other hand, he obtained negative results when he attempted to 
inhibit the pathogenicity of F. Uni on flax seedlings by using the same 
bacterium. Porter does not indicate the natural habitat of his No. 
45 and notes that it grows so slowly on soil “that it is doubtful whether 
it would be very useful in checking the normal soil flora.” 

THE 1928 EPIDEMIC OF CANTALOUPE ROT 

One of the reasons which led the writers to use Sclerotium rolfsii in 
these studies was the extraordinary destructiveness of this fungus 
during the season of 1928. The disease was first noticed about the 
middle of July in the region around Hope, Hempstead County, Ark., 
one of the most important cantaloupe centers in the South. It 
appeared as a soft, mushy rot of both mature and immature fruit. 
Frequently the rot could be seen on cantaloupes which were not more 
than one-third grown, and in such cases the fruit failed to mature and 
quickly rotted. The most noticeable cases, however, appeared on 
fruits that were reaching maturity. 1* such instances, when the fruit 
was about to be severed from the plant, a whitish, moldy growth 
could be seen on the sides, and as the lower surface was exposed the 
mold would frequently be found in greater abundance than on the 
sides, indicating that the portion of the fruit lying next to the soil 
served as the primary infection center. Very often this region was 
more or less rotted, the skin being disrupted, and a sweetish, fermented 
liquid oozing out of the flesh. If close attention were paid to the soil 
around the rotted fruit the same whitish mold would be seen extending 
in fan-shaped fashion for some distance from the attacked plant, 
growing on the soil, during periods of moist weather. In dry weather 
it would not be noticed on the soil or to any great extent on the fruit. 

While the disease here involved is a southern malady of a large 
number of different plants (28 new hosts (16) having been added 
recently), including potatoes, sweet potatoes, tomatoes, watermelons, 
cabbages, and beans, it apparently did not cause any serious losses to 
these crops in 1928. 

The same disease was reported in epidemic form in the eastern 
cantaloupe-growdng region, around Norfolk, Va., 3 about a week after 
it was identified in Arkansas. There also it appeared to be confined 
to the cantaloupe fruit and was unnoticed on eggplants in spite of the 
fact that it had been observed on the latter crop during the seasons of 
1926 and 1927. In Arkansas it was found not only around Hope but 
in other localities where cantaloupes are grown extensively. It thus 
appears reasonable to suppose that either a particular, specialized 
strain of the parasite became active in 1928 or that environmental 
conditions in diverse parts of the country were such as to render the 
cantaloupe fruit particularly vulnerable. The latter explanation 
seems to be more tenable, inasmuch as pure-culture isolations from 
cantaloupes have given the writers successful infections on young 
tomato plants, with the production of typical stem rot. 


8 United States Department of Agriculture, Bureau of Plant Industry, sclerotium rot of 
cantaloupe. U. S. Dept. Agr., Bur. Plant Indus. Plant Disease Rptr. 12: 64-65. 1928. [Mimeo- 
graphed.] 
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While the southern rot has for many years been known as a storage 
as well as a field disease, it has rarely been found to act exclusively as 
a disease of the fruit. In the field it usually attacks the young stems, 
close to the soil line, causing primarily a rot of the cortex although 
it may also involve the woody cylinder. Sometimes it has been found 
attacking older stems and producing similar symptoms. Evidently 
conditions governing stem infections precluded such attacks in 1928. 



The nature of these 
limiting conditions 
remains unknown. 
There is, of course, 
the possibility that 
some stem rot did 
occur but went un- 
noticed or was attrib- 
uted to some other 
cause. 

Another factor 
which makes the re- 
cent epidemic of spe- 
cial interest is that 
the malady would of- 
ten go unnoticed on 
the fruit when it was 
first crated, but when 
it arrived at the ter- 
minal markets the in- 
spector reported con- 
siderable “ Sclerotium 
rot.” On fruit in 
transit the fungus has 
been known to grow 
with such rapidity as 
more or less to cover 
the wrapping papers 
that happened to be 
in contact with the 
fruit. Within 24 hours 
after shipment it has 
been found spreading 
over sheets of news- 
paper that had been 
wrapped around the 


Figure 1.— Cantaloupes that had been in transit for 24 hours at- CflTltfl Inline fTTur 1 
tacked by Sclerotium to! fail. Note the severe rot induced by this T3 * rpL 1 > 

fungus on A and the mycelial development on the newspaper wrap- 15 . ) 1 ulS lUngUS Can 

pers around u very readily utilize 

cellulose for nutrient purposes, as was determined by growing the 
fungus on moistened, sterilized filter paper. It produced a noticeable, 
though not heavy, mycelial growth as well as sclerotia on this medium. 

From the knowledge now at hand one may hazard a guess as to 
the reason for the extreme prevalence of this disease in 1928. The 
disease producer has in the past been known to be widely distributed 
in the United States over considerable areas south of the Mason- 
Dixon line, and has at times been reported from more northern regions 
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(15). But in spite of this wide distribution its extreme destructive- 
ness has been more or less limited to certain localities situated in the 
extreme southern parts of the United States. While it probably was 
present in the Arkansas cantaloupe fields prior to 1928 it caused in- 
sufficient damage to attract attention. In 1927, for example, canta- 
loupes are not mentioned in the plant-disease survey 4 as hosts for 
Sclerotium rolfsii in Arkansas, although sweet-potato slips and tomato 
plants are noted as having been attacked. It will be recalled that the 
summers of 1927 and 1928 were exceptionally moist and rainy over a 
large part of the country east of the Rocky Mountains, particularly 
during the earlier part of the southern cantaloupe-growing periods. 
The United States Weather Bureau reports for 1928 the wettest 
June on record for Arkansas and also gives positive departures in rain- 
fall during the first half of July for the Hope cantaloupe region. 
During 1927 with its tremendous rainfall and destructive floods over 
wide areas, particularly in the Mississippi Valley region, it may be 
surmised that the parasite had exceptionally favorable conditions for 
its development. Various investigators (1 , 17, 20, 25) have in the 
past reported the marked proclivities of this fungus for moist condi- 
tions, and when 1928 in part duplicated these conditions the parasite 
ran wild. f 

GROWTH OF SCLEROTIUM ROLFSII ON POTATO-DEXTROSE AGAR 
VARYING IN H-ION CONCENTRATION 

In his studies on Sclerotium rolfsii Higgins (8) has brought to light 
some interesting facts concerning the relationship of the growth of this 
parasite to variations in II -ion concentration. He found this fungus 
to be markedly inhibited in alkaline media and unaffected or even 
stimulated in growth in rather strongly acid ranges of H-ion concen- 
tration. The inhibitory effect of the former was so marked that it is 
not surprising to find him recommending in an earlier paper (7) the 
use of lnne on infested fields for the control of this fungus and of the 
disease which it produces. It is quite obvious, however, that a serious 
objection may be raised to this work, one that Higgins himself was 
doubtless cognizant of, namely, that he used beef-extract broth for the 
test medium. This was chosen because it was found to be better 
adapted for the growth of the fungus than solutions containing mineral 
nutrients, and because the different levels of pH values could be 
determined much more readily than on other media by the methods 
used. 

It, therefore, seemed worth while to duplicate Higgins’s work, 
but instead of using materials like beef extract or commercial peptone, 
substances which are apt to be quite foreign to a soil-inhabiting plant 
pathogene, it was decided to use a vegetable decoction which in pre- 
vious tests had promoted excellent growth of the fungus. The 
medium used was common potato-extract agar to which sufficient 
dextrose was added to make a 2 per cent solution. It is realized that 
this is also quite unnatural, but for artificial media a vegetable decoc- 
tion more nearly approaches certain soil ingredients than do animal 
products of the type mentioned above. By checking the pH values 

4 McMillan, H. O. diseases or vegetables and field crops (other than cereals) in the united 
states IN 1927. IT. 8 . Dept. Agr., Bur. Plant Indus. Plant Disease Iiptr. Sup. 61, 300 p. 1928. [Mimeo- 
graphed.] 
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obtained by the ordinary comparator block method against the pH 
values obtained by using Wherry’s double-wedge comparator it was 
possible to measure the H-ion concentration with an error of less 
than 0.1 of a pH division. It should be noted that the buffer index 
of potato extract is relatively high so that the acidity or alkalinity of 
the color indicators would not be expected in this case to interfere 
with colorimetric determinations. The turbidity of the medium 
was not sufficient to prevent accurate comparisons with known 
standards, and in every instance a tube or capsule was used, depend- 
ing on the method, containing the unknown without indicator to 
mask the color of the known standard. 

In the first series of tests the basic medium was made according to 
the following formula: 500 gin. peeled potatoes, 20 gm. dextrose, 20 
gm. agar-agar, 1,000 c. e. of distilled water. The cut potatoes were 
boiled until the pieces were almost ready to fall apart, the fluid fil- 
tered several times through closely woven cloth, the other ingredients 
incorporated, and sufficient water added to make up the desired 
amount. The medium was divided into 100 c. c. quantities and 
autoclaved at 15 pounds pressure for about 15 minutes. After 
sterilization, the required amounts of N/l NaOH and N/l HC1 were 
added to each batch so as to give the following series of H-ion con- 
centrations: pH 3, 3.5, 4, 4.5, 5, 5.5, (>, 0.5, 7, 7.5, 8, and 9. The 
acid and alkaline solutions were added aseptically in a small transfer 
chamber which had been thoroughly steamed. The H-ion concen- 
trations were determined in the manner previously indicated and 
precautions taken in each case to see that the final pH value of 
each solution corresponded with the one desired. The tests were 
conducted in triplicate form, three plates of approximately 10 c. c. 
of medium being poured for each pH. Finally the Petri dishes were 
incubated for 24 hours prior to inoculation so as to be sure that 
contaminations had not occurred. 5 

Higgins ( 8 ) had found that an equal quantity of inoculum could 
be obtained with relative ease by using fully developed selerotia that 
had been freed from the mycelium. The present writers have deter- 
mined that while these bodies vary in size, nevertheless their rates of 
growth in most instances are comparable at a given H-ion concentra- 
tion on the same nutrient medium. However, it seemed desirable to 
have a further check on this, so in several instances two selerotia on 
one plate were introduced in order to determine the relative quantity 
of growth that may be expected in a given length of time from differ- 
ent quantities of inoculum. In this manner it was determined that 
variations in growth at one pH level occur rather frequently even 
with selerotia of approximately equal size, particularly during the 
first 48 hours. But as the period of incubation was increased up to 
72 hours the colonies of any one series tended to become equal, and 
the variations which occurred in no way interfered with the detection 
of a very marked difference in growth observed at the different 
levels. All the plates were kept in an incubator maintained at a 
temperature of about 29° C. 

The colonies were carefully measured and notes were taken for a 
number of days after the inoculations. Forty hours after the intro- 
duction of the selerotia, growth had occurred in all the plates except 

4 The writers are indebted to A. L. Smith for assistance in these initial tests. 
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one at pH 3, one at pH 7.5, and all at pH 8, 8.5, and 9. At the end 
of 72 hours all the solerotia had germinated up to pH 8. From that 
point upward to pH 9 no growth could be detected. Table 1 shows 
the amount of growth obtained at the various H-ion concentrations. 

Table 1 . — Growth of Sclerolium rolfsii at different H-ion concentrations on a 
potato-dextrose agar medium 


H-ion concentra- 
tion (pH) 

Average diameter 
in centimeters of 
colonies at end 
of 72 hours 

Notes taken at end of 120 hours 

M 

2.3 

All plates full of mycelium except one; no sclerotia. 

All plates full of mycelium; few sclerotia. 

All plates full of mycelium; more sclerotia than at pH 3.5. 

All plates full of mycelium; sclerotia more abundant than at 
pH 4. 

All plates full of mycelium; sclerotia more abundant than at 
pll 4.5. 

All plates full of mycelium; same number of sclerotia as at pH 5. 
All plates full of mycelium; greatest number of sclerotia. 

All plates full of mycelium; not as many sclerotia as at pH 6. 
Mycelial growth less than at pH 6.5; sclerotia fewer in number. 
Growth of mycelium more restricted than at pll 7; few sclerotia. 
No growth. 

Do. 

Do. 

3 5 

3.8 

4 

3.08 

4 5 

3.8 


3 75 

.j.i.j 

6.5 

3.3 

6 

3.5 

6 5 

3.7 

7 

1.5- 

7.5 

1.41 - 

8 ! 

No growth. - 

8.5 

»_ 

do 

do --- - 




Table 1 shows that between the H-ion concentrations of pH 3.5 
and 6.5 there are but minor differences in growth of mycelium. The 
writers believe that these differences are entirely fortuitous and of 
little significance. There seems to be, however, a noticeable gradient 
in sclerotial development and if these bodies are to be regarded as 
part of a vegetative thallus and are not to be compared with true 
fruiting bodies then it can be said that there is a noticeable difference 
in vegetative growth between these levels of H-ion concentration. 
This interpretation would seemingly be all the more proper because of 
Higgins's ( 6 ) morphological and cytologieal studies. He found the 
mycelium to be binucleate and made up of both fine and coarse 
threads. Clamp connections in the broad threads were commonly 
observed. The present writers have noted the same thing. Higgins 
also noted that the finer types of hyphae enter into the formation of 
sclerotia, which 11 first appear as small white tufts of loosely inter- 
twined small branches." He found that the cells within the center 
of the mass eventually became vacuolate and usually inultinucleate 
The most important of these findings, for the present purposes, are 
the binucleate mycelium, the clamp connections — these being the 
characters which with obvious propriety led Higgins to believe that 
this fungus may be classed with the Basidiomycetes — and the coeno- 
cytic nature of some of the cells. These characters as well as the 
parallel arrangement of hyphae, a phenomenon which the present 
writers have found to be of common occurrence in this fungus, all 
suggest the diploid, secondary mycelium of higher Basidiomycetes. 

Table 1 shows a noticeable falling off in growth of mycelium, as 
well as in sclerotial development, when the neutral point, pH 7, is 
reached. This was particularly evident at the end of 72 hours and 
less marked as the period of incubation became longer. The ex- 
planation of this becomes evident as one notes that beginning with 
pH 7 and extending into the alkaline range there is a very noticeable 
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negative departure in growth, ceasing altogether when pH 8 is reached. 
The indications are clear that given the type and quantity of inoculum 
contained in a single sclerotium this fungus is markedly inhibited 
by hydroxyl ions, and that if these are not sufficiently powerful to 
inhibit growth completely the fungus will in time overcome the 
initial inhibitory effect by its marked ability to produce acid. The 
writers have found that within 72 hours after inoculation oxalate 
crystals could be readily detected in mounts taken from any plate 
in which growth had occurred. This is in accord with Higgins’s 
results (8) in which he found the reaction of alkaline broth to have 
changed to a distinctly acid one. For example, he notes that broth 
testing pH 7.5 will after several weeks’ growth of the fungus test 
pH 4 to pH 4.2. Likewise he called attention to the marked ability 
of this fungus to produce oxalic acid on various media; in fact, he 
considered the killing of host tissue by this fungus as being due to 
this acid. The writers therefore feel justified in suggesting that on 
media of relatively low alkalinity the initial lag in growth will in 
time disappear because the metabolic products produced by the 
fungus enables it to overcome the harmful action of the alkaline 
medium, and this would tend eventually to equalize the growth at 
various H-ion concentrations. The writers are not suggesting that 
staling substances produced by the fungus are absent from the media 
upon which Sclerotium rolfsii has been growing, but if they are formed 
they play little or no role in inhibiting growth of this fungus for 
some time at least after inoculation, for the fungus permeates not 
only the bottom of a Petri dish but also the sides and top and often 
protrudes for some distance around the edges, all within the course 
of about a week. Its exceptional rapidity of growth is to be observed 
not only in artificial culture but also under natural conditions. 

The final and perhaps the most important point shown in Table 1 
is the total absence of growth on potato-dextrose agar at pH 8 and 
above. This is in agreement with Higgins’s results on beef-extract 
broth in which three of the strains utilized failed to grow beyond 
pH 8.1 and only one strain grew at pH 8.3. It thus appears that 
comparable results on diverse media may be expected with reference 
to the limiting action of OH ions on the germination and growth of 
sclerotia of Sclerotium rolfsii. If such limitation could be obtained 
in soil which is infested with this fungus in the sclerotial stage, then 
it is quite obvious that a ready available control measure is at hand, 
and in accordance with this Higgins (7) in an earlier paper expressed 
the belief that the application of lime, 1 ton stone or 1.5 tons hydrated 
lime to the acre, would prove beneficial. This is not the first time 
that liming has been suggested as a possible control for this fungus. 
In 1908 Fulton (3, y. 7) found that S. rolfsii will not grow on nutrient 
media unless they have a high degree of acidity. 

This suggests that the fungus may find conditions best for its growth only in 
soils that are more than ordinarily acid. If this is really the case, tl to use of lime 
to reduce the acidity of the soil ought to have a good effect in reducing the loss 
from blight. 

As far as the writers know, Nakata (13) is the only investigator who 
has not found this fungus to be adversely influenced by alkalinity. 
However, as his English summary does not present the details of his 
work and as his Japanese text in unintelligible to the present writers, 
it is quite possible that this seeming discrepancy can be explained as 
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being due to other factors. It will be shown later on that the kind 
of substratum as well as the quantity and type of inoculum can mate- 
rially modify the harmful influence of alkalinity. In his later work 
(8), however, Higgins gave up the idea that liming could be relied 
upon to give satisfactory control because he found it very difficult to 
maintain a soil reaction above pH 8 throughout a single season. 
Indeed, even with the use of 5 tons of hydrated lime per acre, he found 
the soil reaction to be barely above pH 7 and the attacks of the fungus 
were not inhibited. 

A serious objection may be raised to the tests which have just been 
described, namely, the obvious impropriety of using pure cultures of 
a soil-inhabiting fungus on media which are free from other micro- 
organisms. Under natural field conditions such relationships do not 
exist. The fact that plant pathologists as a whole have paid very 
little attention to the necessity of studying the natural companions 
of any particular microorganism does not in the least obviate the 
desirability of such studies. The senior writer has already called 
attention to this (28), and the recent studies of Millard and Taylor 
(11) on the relationship of nonpathogenic strains of Actinomyces in 
limiting infections of pathogenic strains in the same genus add 
emphasis to the necessity of such studies. 

With this in mind the writers attempted in a preliminary way 
to determine the response of Sclerotium roljsii to the presence of 
another soil inhabitant commonly present in the cotton areas of the 
South, namely, Fumriurn rasinf echini. (It should be noted that 
commercial cantaloupe fields in Arkansas are almost entirely within 
the cotton-growing region of the State.) At the same time it was 
deemed desirable to check any possible growth-limiting factor, aside 
from the preponderance of OH ions, which may have prevented 
the germination of the sclerotia of 8 . roljsii on those media which 
tested pH 8 and. above. Accordingly those plates which had shown 
no growth in the alkaline ranges were inoculated with the cotton-wilt 
pathogene and in every instance growth of this fungus was encom- 
passed. This is in full accord with Neal’s work (14) on F. msinjectum 
in which he found this fungus capable of growing on alkaline media 
testing as high as pH 9. It was thus further ascertained that the 
concentration of OH ions was probably responsible for the lack of 
germination of the sclerotia. 

One other factor was taken into consideration, namely, the ability 
of numerous organisms to change the reaction of a substratum during 
the process of growth. It is now firmly established that an acid 
medium may change toward the neutral point and, conversely, that 
an alkaline medium may be rendered neutral or even acid in the 
presence of a growing organism. In a former article the senior writer 
(22) reported the cotton-wilt pathogene as changing the reaction of a 
medium from pH 4.2 to pH 6.6. Neal (14) obtained similar results 
and further determined the ability of Fusarium vasinfectum to change 
an alkaline medium toward the neutral point. If these findings are 
correct, then, unless some other factor intervenes, it should be pos- 
sible to obtain growth of Sclerotium roljsii on media originally alka- 
line which, in the process of sustaining growth of some other micro- 
organism, has lost its alkaline properties. 

In order to test this theory all plates, originally testing pH 8 to 
pH 9, which had failed to produce growth of Sclerotium roljsii , and 
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which had permitted the growth of Fusarium msinjectum were, after 
48 hours 7 incubation of the latter fungus, reinoculated with mycelium 
of S. rolfsii. It should be noted that the original sclerotial inoculum 
failed to grow and that the cotton-wilt fungus had made considerable 
growth within the period given. Tests with Clark and Lub’s (2) 
indicators clearly showed a change in reaction of the medium around 
the Fusarium colonies. With the introduction of fresh inoculum 
abundant growth of S. rolfsii took place in every case and it was 
therefore concluded that the change in reaction of the medium was 
primarily responsible for the reversal in growth relationship of this 
fungus. The fact that the initial inoculum in the form of sclerotia 
had failed to respond to the changed conditions was attributed to the 
overcrowding of the Fusarium colonies on the sclerotia. It will be 
shown later that this is not entirely a safe deduction and that the 
difference in types of medium as well as in quantity of inoculum has a 
marked influence on growth reactions, irrespective of the OH-ion 
concentration. 

GROWTH OF SCLEROTIUM ROLFSII ON DEHYDRATED POTATO- 
DEXTROSE AGAR VARYING IN H-ION CONCENTRATION 

One of the reasons which originally led the writers to use potato- 
dextrose agar instead of the beef-broth medium used by Higgins was 
the difference in growth that one may expect with media of different 
chemical composition. Thus Rosen (21 , p. 365) in 1922 showed that 
at the same II -ion concentration some media may sustain growth 
while others inhibit it. In view of this fact and because potato- 
dextrose agar made in the laboratory may be expected to vary, it 
appeared worth while to check the results previously given by using 
a more or less standardized medium of similar chemical composition. 
Use was made of dehydrated potato-dextrose agar manufactured 
by a well-known commercial concern which specializes in such 
products. The same type of inoculum was used and the determina- 
tions of the various II -ion concentrations were conducted in the same 
way as those mentioned previously. Table 2 presents in brief the 
results of these tests, and Figures 2 and 3 show the nature of the 
growths produced at different 11-ion concentrations. 

Table 2. — Growth of Sclerotium rolfsii at different /I -ion concentrations oft dehy- 
drate d potato-dextrose agar 


11 -ion concentra- 
tion (pH) 

Average diameter 
in centimeters of 
colonies at end of 
72 hours 

3 

4 .. .. 

3.6 

4 .... 

5 

4.2. 

5.6 . 

4 

0 

4.6 

6.6 

4.7 

6.9 

2 

7.5 . J 

0.7- 

8.-_, 

Faint growth 

No growth 

8.2 

8.5 _ 

9 

do 

do 

i 



Notes taken at end of 120 hours 


All plates full of mycelium. 

Do. 

Do. 

Do. 

Do. 

Do. 

One plate full of mycelium, others almost full. 

Mycelial growth markedly restricted, plates about two-thirds 
filled. 

Average diameter of colonies, 2 cm. 

Average diameter of colonies, 1.5 cm. 

Average diameter of colonies, 1.2 cm. 

Slight growth in all plates. 


50729 — 29 4 
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An inspection of Table 2 reveals the marked superiority of the 
dehydrated medium over the ordinary potato-dextrose agar in pro- 
moting the growth of this fungus in practically the whole range of 
H-ion concentration. Although the same general sort of relationship 
to acidity and alkalinity can be observed on this medium (figs. 2 
and 3) as in the one previously given, it will be seen that at pH 8 and 
above, unlike the former, growth at the end of 120 hours is not 
entirely inhibited. Why this difference should exist in media of 



Figure 2.— Ninety-six-hour growth of Sclerotium rolfnii on dehydrated potato-dextrose agar of 
different H-ion concentrations: A, At pH 4; B, at pH 5; C, at pH 5.5; D, at pH 6. The original 
inoculum in the form of a sclerotium is still visible in the center of each colony; compare with 
Figure 3 


similar composition is not entirely clear, but there can be little doubt 
that the dehydrating process has changed the substance to such an 
extent as to suggest a marked difference in the amount and kind of 
nutrients as well as in buffer capacity. The buffer index was un- 
doubtedly different in the two media. The writers’ notes show, for 
example, that with the -same initial H-ion concentration it took 0.2 
c. c. and N 1 HC1 to bring 100 c. c. of the ordinary potato-dextrose 
agar to a H-ion concentration of pH 5 when 0.35 c. c. of N 1 HC1 was 
required to bring 100 c. c. of the dehydrated medium to the same 
end point. It would thus appear that the dehydrated material was 
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much more highly buffered, and this may in part explain the differ- 
ence in growth. It may be concluded then from these tests that the 
OH-ion content by itself is not as highly specific in inhibiting growth 
as was indicated in the former experiments and that the buffer 
capacity, involving in this case the freedom of activity of the Oil ions, 
has considerable influence on growth response. 



Figure 3 —Ninety-six-hour growth of Sclerotium rolfsii on dehydrated potato-dextrose agar at dif- 
erent H-ion concentrations: A, At pH 6.5; B, at pH 6.9; C, at pH 7.5; D, at pH 8.5. Note the 
marked decrease in growth around tho neutral point and boyond that into tho alkaline range, with 
complete inhibition at pH 8.5; compare with Figure 2 

METABOLIC INTERCHANGE BETWEEN SCLEROTIUM ROLFSII 
AND FUSARIUM VASINFECTUM 

The possible influence of Fusarium vasinfectum in stimulating the 
growth of Sclerotium rolfsii on alkaline media has already been 
mentioned. It seemed worth while to investigate this problem more 
thoroughly. Three series of plates were run simultaneously, dehy- 
drated potato-dextrose agar being used. The first series, which has 
just been described, was designed to determine the growth relation- 
ship of S. rolfsii to H-ion concentration when no other microorganism 
was present; the second was to determine the same thing for another 
soil inhabitant, Fusarium vasinfectum; and the third consisted in 




52 


Journal of Agricultural Research 


Vol. 39, No 1 


bringing together the two fungi at different levels of 11-ion concen- 
tration in order to determine any possible interaction between the 
two. Altogether the three series consisted of 125 plates involving 
in most instances a triplication in any one test. 

The medium was well adapted to promote growth of Fusarium 
msinfectum, the colonies w T hen grown alone developing well, with of 
course some differences, in practically the whole range of H-ion 
concentrations under investigation, from pH 3 to pH 9. But when 



Figure 4— Ninety-six-hour growth of mixed cultures of Sclerotium rolfsii Xcoarse mycelium) and 1 
Fusarium vasinfectum (fine, compact mycelium) on dehydrated potato-dextrose agar at different 
H-ion concentrations: A, At pH 4; B, at pH 5.5; C, at pH 6.9; D, at pH 8.2. Note the preponder- 
ance of S. rolfsii on the acid media and the overwhelming growth of F. vasinfectum around the 
neutral point and on the alkaline side; at pH 6.9 the sclerotial inoculum is so overrun by the 
Fusarium as to be hardly observable 

inocula of the two fungi were introduced into the same plate at 
approximately the same time and placed near each other, markedly 
different effects were observed. In the acid media below pH^6.9, 
S. rolfsii completely outgrew the Fusarium, so that within ithe.space 
of a 4-day interval the latter, while still noticeable as a small pinkish, 
<»mpact colony, was almost completely surrounded by the whitish, 
c !»«'se growth of the Sclerotium. (Fig. 4.) As the period, of incuba- 
tion w a s increased so much of the Fusarium on the acid media was 
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covered by the Sclerotium that, had it not been for the marked color- 
production of this strain, it would have been entirely lost sight of. 
(Fig. 5, C.) Whether Fusarium was killed by this overgrowth was 
not determined. 

The reverse phenomenon occurred near the neutral point and in the 
alkaline ranges. At pH 6.9 and above the sclerotia failed at first to 
germinate and within four days the fusarial colonies had found their 



Figure 5. — The interaction of soil inhabitants when introduced on a potato-dextrose agar medium 
which had previously sustained growth of one of the fungi. Following a 4-day growth of Fusarium 
vasinfectum , observable at the right of each plate, there is a 2-day growth of Sclerotium rolfsii on 
A, B, and 1), the media having originally U-ion concentrations as follows: A, pH 3; B, pH fi; D, 
pH 9. C is the same as B of Figure 4, or pH 5.5, photographed 48 hours later and showing the 
complete overrunning of the Fusarium by Sclerotium, on acid media when the two are grown 
simultaneously. Note the overrunning of the Fusarium colonies in A and B and the shunning 
of the medium immediately surrounding the Fusarium by Sclerotium. Contrast this with i>, 
where, in an alkaline medium, Sclerotium is growing immediately around the Fusarium colony 
as well as upon it 

way under the sclerotia or had grown over them so completely as to 
hide them from sight. (Fig. 4.) Eventually a few of the sclerotia 
sent out some feeble hyphae, but these were never able to compete 
successfully with those of the Fusarium. It is of course conceivable 
that if the Petri dishes had been of greater depth and had contained 
more media, which would not have dried out as rapidly as in the 
ordinary plates, the sclerotia might in time have overcome the 
initial retardation in growth, but if one attempts to envision the 
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possible behavior of the two fungi under natural field conditions, 
given H-ion concentrations similar to those under discussion, it is 
difficult to see how under the ordinary weather conditions prevalent 
in the South the sclerotia would be more favored than in these arti- 
ficial cultures. On the other hand, with exceptionally moist periods, 
it is entirely possible that it might be. 

Summing up the results obtained in the interaction of the two 
fungi when inoculated simultaneously, it may be noted that in the 
acid ranges Fusarium vasinfecturn is markedly suppressed while in 
the alkaline ranges Sclerotuim rolfsii has suffered. Comparing this 
with the growth responses of the two when grown separately, it is 
seen that the effect is mostly on the Fusarium, while Sclerotium has 
not been greatly influenced. 

The next question is what influence will these fungi have on each 
other when one is introduced some time after the other has had an 
opportunity to make growth. To determine this point the following 
experiment was made. Colonies of Fusarium vasinfecturn were grown 
for four days in triplicate on dehydrated potato-dextrose agar possess- 
ing the reactions pH 7.5, 8.2, 8.5, and 9. At the end of 96 hours, 
when fair-sized colonies of this fungus had developed, a single sclero- 
tium of S. rolfsii was introduced into each plate close to the margin 
of the Fusarium colony. After an incubation of 48 hours the sclero- 
tium in each instance was found to have germinated. In most cases 
the Fusarium colony had continued its growth and had even pushed 
a flat wedge of hyphae beneath the sclerotium, but this in no way 
interfered with the germination of the sclerotia and with the subse- 
quent development of the colony. It thus appears that the changes 
in the medium induced by Fusarium permitted the germination and 
growth of sclerotia in a time interval which is entirely inadequate 
to permit growth when the sclerotia are used alone. An inspection 
of Table 2 shows that no growth occurred on media testing pH 8.2, 
8.5, and 9 after 72 hours of incubation. A study of other plates of 
this series which had also sustained growth of Fusarium for four 
days was made to determine any possible change in reaction of the 
medium, and in every instance it was found that the reaction of the 
medium adjoining the colony had changed toward the acid side of 
the H-ion concentration. There may have been other substances 
which stimulated the sclerotia of S. rolfsii into growth, but in the 
absence of any knowledge of such stimulatory substances and in 
view of the fact that Fusaria instead of producing such materials 
are known to give rise to staling products that are inhibitory to 
growth ( 19 ), it seems reasonable to conclude that the change in 
reaction of the medium was primarily responsible for the immediate 
growth of the sclerotia. 

MORPHOLOGICAL RESPONSES OF SCLEROTIUM ROLFSII IN 
MIXED CULTURES 

Up to the present we have been concerned mostly with the rates of 
growth of Sclerotium rolfsii when grown alone or in the presence of 
Fusarium vasinfecturn. Among other influences which remain to be de- 
tailed are the peculiar types of growth encountered in S. rolfsii when 
this fungus is brought in contact with Fusarium. One of these is the 
apparent chemo tropic response of S. rolfsii to a Fusarium colony in 
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media of relatively high acidity. Sclerotium in such instances seems 
to shun the substratum immediately surrounding the Fusarium, and 
produces a profuse growth on top of the Fusarium. (Fig. 5, B.) 
In alkaline media this does not occur, the Sclerotium growing indis- 
criminately on the substratum around the Fusarium as well as upon 
the latter fungus. These peculiarities were noted when Sclerotium 
was introduced on plates in which the Fusarium had grown for four 
days; the chemo tropic type of growth was observed particularly at 
pH 3.0 to pH 5.0, while above this no such effects were detected. 

In the light of the previously noted effects on the substratum, the 
following explanation is suggested for this response. On the strongly 
acid media the change in reaction toward alkalinity in the vicinity of 
the Fusarium colony rendered these places unsuitable for immediate 
growth of the Sclerotium, so that, taking the course, of least resistance, 
the invader grew over the other fungus. It is to be doubted whether 
the Fusarium mycelium served as nutrient material for the Sclerotium. 

Another type of morphological response noted in Sclerotium 
rolfsii when it grew on top of the Fusarium colony was the production 
of a distinct arborescent tyue of growth in contrast to the diffuse, 
fluffy growth which it usually makes on artificial media. (Fig. 0, 
D, and fig. 7.) There appears to develop a definite orientation of 
the hyphae into main axes and side branches, and these in turn give 
rise to sclerotia which develop along the sides and tips of the branches. 
(Fig. 7, B.) When examined microscopically the hyphae in such 
cases are seen to run parallel to each other and to be more or less 
compacted into a single unit. The reason for this response is not clear, 
but it is quite comparable to the form of growth frequently found in 
this fungus when it is growing in its natural habitat on soil. This may 
perhaps be attributed in part to the competition offered by other soil 
inhabitants in which Sclerotium is able to hold its own by its ability 
to produce a compact growth. 

The arborescent growth may be compared to the secondary myce- 
lium of higher Basidiomycetes. According to Gaumann and Dodge 
(4, p. 403)— 

the differentiation into main axes and branches, the second characteristic of 
secondary mycelium, is easily noted in artificial cultures. The main axes are 
well developed; in contrast to hyphae of the uninucleate [primary] mycelium they 
run almost parallel to each other and lend themselves easily to the formation of 
rhizomorphs. 

Another possible explanation of the production of this arborescent 
growth is that the fungus is about to produce fruiting bodies and that 
this growth is analogous to the tertiary mycelium of higher Basidio- 
mycetes. In the latter Gaumann and Dodge (4, V • 404*405) state — 

the secondary mycelium does not proceed as such to the formation of basidia 
but its hyphae intertwine with extensive change of form and often with loss of 
individuality to form fructifications, tissues, and organs which in their structure 
and functions are specialized like those of the Cormophyta. All these tissuelike 
hyphae systems (plectenchyma, etc.) which have grown from the original, 
uniform, secondary mycelium are called tertiary mycelia, and develop either as 
rhizomorphs and sclerotia or as fructifications. 

Irrespective of the designation of this type of growth as secondary 
or tertiary mycelium, its occurrence lends appreciable support to 
the idea that this fungus may be classed with the higher Basidio- 
mycetes. Summing up the data which, point to such relationships 
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we find (1) that the main vegetative body is made up of hyphae 
possessing clamp connections; (2) that the cells of this body are 
binucleate, as shown by Higgins (6‘); (3) that this fungus readily 
utilizes cellulose for nutritive purposes, a feature possessed by many 
Basidiomycetes ; and (4) that it produces under certain conditions 
an arborescent growth which is differentiated into main axes and 
side branches. 



Figure 6. -—Influence of quantity and type of inoculum in counteracting unfavorable alkaline 
media; all plates originally tested pH 8./). A, Forty-eight-hour growth of Sclerotiurn rolfsii when 
inoculated in form of a relatively large piece of actively growing mycelium; B, G-day growth of the 
same fungus when inoculated in form of a sclerotiurn; O, 4-day growth of Fusariurn vasinfectum 
followed by inoculum of S. rolfsii in the form of a sclerotiurn, photographed two days after the 
introduction of the latter; D, same as O except that the inoculum of S. rolfsii was in the form of a 
large-sized piece of actively growing mycelium. Note the distinct enhancement in growth when- 
ever the inoculum was large and consisted of actively growing mycelium 

Using the technic of Stevens (&£)» by which he was able to bring 
about fruiting in various fungi, including the perfect stages of 
Ascomycetes, through the action of ultra-violet rays, the writers 
attempted to induce spore formation in Sclerotiurn rolfsii. Five 
Petri -dish cultures of this fungus were subjected to ultra-violet rays 
for approximate time intervals of one-fourth, one-half, 1, 10, and 20 
seconds. 6 The plates were held at a distance of about 21 centimeters 


• Through the kindnfess of D. M. Moore, of the botany department, University of Arkansas, there was 
placed at the writers’ disposal a quartz mercury arc lamp. 
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from the light, with one-half of each covered by a black shutter from 
a photographic plate holder. The colonies were 12 days old at the 
time of treatment and had completely covered the media. No 
fruiting bodies were observed on these plates up to 34 days after the 
ultra-violet application, the media in most instances having almost 
completely dried out by that time. However, in one plate where 
drying out had not occurred (the one irradiated for 20 seconds) there 
was a noticeable fluffy or fuzzy growth covering the sclerotia on the 
exposed portion of the plate. When examined under the micro- 
scope this fluffy material was seen to consist of loosely interwoven 
and partly free hyphae. But in no case was there any suggestion of 
basidia formation or of any other spore-forming organs. A careful 
study of these sclerotia showed that they had failed to mature 
properly, putting down around the periphery no hardened cells of 
a brownish color as occurs in normal cases. There appeared also to 
be a lack of differentiation into a plectenchyma and a central core. 



Fku re 7.™ Arborescent, typo of growth of Sclerotium rolfsii when it is growing upon b Fusarium 
colony. A is the same as I> of Figure (i but photographed six flays later. Note how Sclerotium 
lias almost completely overgrown and obliterated from view the underlying Fusarium colonies. 
The arborescent growth is only visible in those parts of each plate where, the Fusarium colony 
existed 


Altogether, the apparent effect produced by the ultra-violet rays on 
these sclerotia was to keep them in a juvenile condition. These 
results are offered as suggestive, however, and not as final. There is, 
of course, the possibility that these bodies, which in gross aspects 
resemble sclerotia, are either morphological entities capable of giving 
rise to a spore-forming stage when conditions are favorable or that 
they represent abnormal growths brought about by the action of the 
ultra-violet rays. 

Quite recently Nakata ( 12), working in Japan, reported that he 
had found the perfect stage of Sclerotium rolfsii to be Corticium centrif- 
ugum ( Hypochnus centrijugus) . He undertook a series of morpho- 
logical and cultural studies of 33 strains of S. rolfsii and succeeded in 
obtaining the perfect stage in two strains from Japan and in one from 
America. A summary of his results, presented in English, indicates 
that the spore-forming stage is very siniliar to Corticium solani ( C . 
vagum) and that the main differences are to be found in the mycelium 
and in sclerotial development. 
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THE INFLUENCE OF RELATIVELY LARGE QUANTITIES OF 

INOCULUM OF SCLEROTIUM ROLFSII IN COUNTERACTING 

UNFAVORABLE ALKALINITIES 

The work recorded previously in attempting to determine the 
growth reactions of Sclerotium rolfsii when grown alone or jointly 
with another fungus was, with the exception already noted, carried 
out entirely with inoculum consisting of sclerotia. During the course 
of these investigations there appeared the possibility of inducing 
growth in this fungus on media inhibitory to the germination of 
sclerotia but capable of promoting growth of active mycelium. In 
order to test this out the writers inoculated a series of plates contain- 
ing approximately equal quantities of dehydrated potato-dextrose 
agar which had been rendered alkaline by the addition of NaOH. 
The range in H-ion concentration from pH 8.2 to pH 9, which had 
previously been found to prevent sclerotial germination for 72 hours 
(Table 2), was utilized, and the inoculum consisted of relatively good- 
sized pieces of actively growing mycelium. These transplants were 
cut out in the form of about 8-mm. squares from tubes containing 
the same medium, the squares of inoculum consisting of underlying 
substratum as well as mycelium. Within 24 hours a vigorously 
growing colony had developed in the entire reaction range, and within 
48 hours the growths in most cases covered more than half of the 
available growing area. (Fig. 6, A ) With the exception of the 
extreme range of pH 9, no marked difference in growth rates could 
be detected, and even at pH 9 the growth at the end of 48 hours was 
fully as good as that obtained in most of the acid ranges in the same 
time interval when a single sclerotium was used as inoculum. It may 
therefore be concluded that the type and quantity of inoculum are 
very important factors in initiating growth and, given the proper 
substrata and a suitable inoculum, growth may be expected to occur 
irrespective of the reaction. 

SUMMARY 

There exists very little information at present on the influence of 
other microorganisms present in the soil on the growth and activities 
of soil-inhabiting plant pathogenes. 

The very severe epidemic of Sclerotium cantaloupe rot in Arkansas 
in 1928 suggested the desirability of utilizing Sclerotium rolfsii as one 
of the fungi to be studied. The outstanding features of this epidemic 
are discussed and evidence is presented to show that while cantaloupe 
fruit was the only plant part found infected in the field, the strains 
isolated from these fruits could readily parasitize other plants and 
other plant parts. 

It is shown that Sclerotium rolfsii can easily utilize cellulose for 
nutrient purposes. 

Studies on the growth of Sclerotium rolfsii on potato-dextrose agar 
at various H-ion concentrations reveal the fact that the fungus on 
this medium is markedly tolerant of acid conditions and is quite 
sensitive to alkaline reactions. There is also a noticeable gradient in 
sclerotial development bn acid media. Beginning with pH 8 and 
extending upward, sclerotia failed to germinate on this medium. 

Fusarium vasinfectum ) the other soil inhabitant here studied, grew 
well on this medium throughout the range of H-ion concentration 
under investigation, that is, from pH 3 to pH 9. 
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Since Fusarium vasinfecturn is known to change the reaction of a 
substratum upon which it is growing, turning a strongly acid medium 
toward alkalinity and an alkaline medium toward acidity, this fungus 
was grown on potato-dextrose agar having those alkaline reactions 
of pH 8 to pH 9 which had inhibited growth of sclerotia. When 
reinoculated with S. rolfsii these Petri-dish cultures showed abundant 
growth of the latter fungus. 

In order to determine the responses of these microorganisms to a 
standardized medium of similar composition and to check the results 
of the previous experiments, use was made of a commercial dehy- 
drated potato-dextrose agar. Sclerotium rolfsii, in quantities of 
inoculum similar to those used in the previous tests, made a greater 
growth on this medium than on ordinary potato-dextrose agar 
throughout the range of H-ion concentration investigated, from 
pH 3 to pH 9. For the first three days the sclerotia failed to germi- 
nate on the media testing pH 8.2 to pH 9, but eventually they made 
growth on these. 

The dehydrated product was found to have a much higher buffer 
capacity than the homemade potato-dextrose agar, and it is concluded 
that the hydroxyl-ion content by itself is not as highly specific in 
inhibiting growth of Sclerotium rolfsii as was indicated in the former 
experiments. 

Dehydrated potato-dextrose agar was also found to be well adapted 
to promote growth of the cotton-wilt fungus, Fusarium vasinfecturn . 

When the two fungi were grown simultaneously on the same plate 
containing the dehydrated medium, different effects were obtained. 
In the acid media below pH 6.9 Sclerotium rolfsii completely outgrew 
and in time entirely covered the Fusarium, while around the neutral 
point and in the alkaline ranges the reverse phenomenon occurred. 

With the introduction of Sclerotium rolfsii into plates that had 
previously sustained growth of Fusarium vasinfecturn, still other re- 
sults were obtained. In such cases dehydrated media, originally 
rendered alkaline, permitted the germination of sclerotia in time 
intervals that are unsuitable for germination when Sclerotium rolfsii 
is grown by itself. 

Negative chemo tropic responses were noted in Sclerotium rolfsii on 
media originally possessing acid reactions which had, prior to the 
introduction of this fungus, been used for growing Fusarium vasin - 
fectum. This response resulted in the overgrowing of Fusarium when 
the surrounding medium remained uninhabited. 

The growing of Sclerotium rolfsii on top of a Fusarium colony re- 
sulted in an arborescent growth of the former consisting of the pro- 
duction of main axes and side branches. These in turn were found 
to be made up mostly of parallel running hyphae. 

Arborescent types of growth are noted to be common when 
Sclerotium rolfsii grows naturally on soil. Attention is directed to 
the fact that this type of growth may offer a valuable clue to the 
relatives of this fungus, and several points are enumerated which 
indicate its possible relationship to the higher Basidiomycetes. 

When attempts were made to induce spore formation in Sclerotium 
rolfsii by means of ultra-violet rays, negative results were obtained. 

It was found that the type and quantity of inoculum of Sclerotium 
rolfsii are very important factors in overcoming reactions that are 
unfavorable to the germination and growth of sclerotia. 
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THE RATE OF SPREAD OF POTATO VIRUS DISEASES 
IN WESTERN NEBRASKA 1 


By R. W. Goss 2 

Associate Plant Pathologist , Nebraska Agricultural Experiment Station 
INTRODUCTION 

The rate and distance of the spread of potato virus diseases has 
been the subject of considerable speculation and some experimenta- 
tion because of its great importance in the production of aisease-free 
seed potatoes. Various investigations have shown that both rate and 
distance of spread will vary in different localities and in successive 
seasons in the same locality. It is therefore impossible to forecast 
the amount of spread in one locality from the results of investigations 
conducted under different environmental conditions. The only 
experiments dealing with the subject which have been conducted 
under western dry-land or irrigated culture are those reported by 
Werner 3 in a study of the spindle-tuber disease. 

Spindle tuber has for some time been recognized as the most prev- 
alent virus disease in western Nebraska; the various mosaics are not 
so common; and leaf roll seldom occurs. This order of relative impor- 
tance is the reverse of that observed in the eastern part of the United 
States. 4 It was therefore thought probable that the factors involved 
in the spread of these diseases in this western area were probably 
very different from those occurring in the East. 

The present investigation was outlined to determine if possible the 
reasons for the above facts and to gain information which might be 
of value in the control of these diseases. Repeated observations have 
shown that these diseases often spread more rapidly under irrigated 
than under dry-land conditions, and therefore the experiment was 
designed to include both types of culture. Unfortunately the dry- 
land plot had to be discontinued after the second year, but the 
results obtained from studying the relative spread of four potato 
virus diseases — leaf roll, mild mosaic, rugose mosaic, and spindle 

tuber -under irrigation are presented for the four years 1924 to 

1927, inclusive. 

METHODS OF INVESTIGATION ' 

Two different methods of experimentation have been employed in 
previous investigations of this type: (1) The sampling of commercial 
fields at different distances from the source of infection, as used by 
Folsom 6 et al., and (2) the replanting hill by hill, in the same rela- 
tive position, for several successive generations, of plants which have 


1 Received for publication Feb. 20, 1929; issued July, 1929. 

2 The author is indebted to R. W. Samson for the survey and identification of insects in 1925 and 1920, 
and to Karl Koch for similar assistance in 1927. Published with the approval of the director as paper 
No. 72, Journal Series, Nebraska Agricultural Experiment Station. 

8 Werner, H. O. the spindle-tuber disease as a factor in seed potato production. Nebr. Agr. 
Expt. Sta. Research Bui. 32, 128 p., illus. 1920. 

4 Folsom, D., Schultz, E. S., and Bonde, R. potato degeneration diseases: natural spread 
and effect upon yield. Me. Agr. Expt. Sta. Bui. 331, 112 p. 1920. 

* Folsom, D., Schultz, E. S., and Bonde, R. Op. cit.. 
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been exposed to infection, as employed by Murphy 6 in the study of 
leaf roll. The chief advantage of the first method lies in the fact that 
the diseases are being studied under practical field conditions. This 
advantage is sacrificed in the second method for the greater accuracy 
made possible by the more detailed study under conditions having 
fewer variable and uncontrolled factors. The latter method was used 
in this investigation. 

The investigation was carried out at the Scotts Bluff substation, 
Mitchell, Nebr. The irrigated plot was isolated in a cornfield each 
year and was at least 100 to 300 feet distant from the nearest potato 
field. It was impossible to arrange the plot so that the direction of 
spread could be studied for successive years. The dry-land plot was 
located on the same farm but was on a lighter soil to which no irri- 
gation water was applied. It was bordered by fields of corn, wheat, 
and alfalfa. 

The plots used were small in size and consisted of 12 rows spaced 
3 feet apart, with 27 hills to the row spaced 18 inches apart. Healthy 
Bliss Triumph tubers which had been indexed in the greenhouse were 
used as the source of seed. The term “ greenhouse indexing” as used 
in this paper refers to the removal of one seed piece from a potato. 
This seed piece was planted in tKl greenhouse during the winter under 
conditions favorable for the development of the symptoms of the 
disease being studied. The remainder of the tuber was planted in the 
field the following spring. Seed pieces from each tuber were planted 
in both the dry land and irrigated plots. 

Seed tubers obtained from plants affected with the virus diseases 
to be studied were planted in each plot as follows : Four leaf-roll plants 
were grown in row 4 as hills 4, 5, 6, and 7 and four mild-mosaic plants 
as hills 21 , 22, 23, and 24. In the same way four rugose-mosaic plants 
were grown in row 9 as hills 4, 5, 6, and 7 and four spindle-tuber plants 
as hills 21, 22, 23, and 24. Thus the sources of infection for these 
four virus diseases, which will hereafter be referred to as the original 
disease units, were located, one in each corner of the plot. These 
original disease units are represented in Figures 1 and 2 by the dotted 
circles. 

At the time this experiment was started the distinguishing symp- 
toms of spindle-tuber and the very similar disease unmottled curly 
dwarf had not been clearly defined in the Bliss Triumph variety. As 
a result the original spindle-tuber units may have included some un- 
mottled curly dwarf which had simply been diagnosed as severe 
spindle tuber. In this paper the term “ spindle tuber” is therefore 
used to include both diseases. 

One of the usual difficulties in an experiment of this type is the 
partial or incomplete infection of a hill. To eliminate this trouble 
as far as possible, each hill was cut back to a single stalk every year. 
Notes on the symptoms appearing in the field were made at one to 
two week intervals. Each hill was harvested separately, and a 
record, was made of all symptoms of spindle tuber appearing in the 
tubers. One tuber from each hill was then selected for indexing 
in the greenhouse. In some instances a hill had to be classified as 
questionable spindle tuber, in which case the tuber exhibiting in the 

* Murphy, P. A. investigation of potato diseases. Canada Expt. Farms, Div. Bot. Bui. (2) 44 
86 p. f Ulus., 1921.. 
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Figure 2.— Diagrammatic representation of the irrigated plot for the year 1927 (A); results of indexing the tubers in the greenhouse (B); the dry-land plot for 1925 (C) in which 
the tubers as original sources of infection in 1924 were planted in a manner similar to that used for the irrigated transmission plot. See Figure 1 for further explanation 
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greatest degree symptoms resembling those of spindle tuber was 
selected for indexing. Readings were made in the greenhouse for 
mosaic, leaf roll, and spindle tuber, and the plants were kept until 
the tubers had developed sufficiently for the detection of spindle- 
tuber symptoms. This usually required from two to two and a half- 
months. This greenhouse indexing, which was carried out each year 
except 1926, was found to be a very great aid in the detection of 
leaf roll and mosaic, particularly the latter, which, because of the 
masking of symptoms under high-temperature conditions, is often 
very difficult to detect in the field in western Nebraska. The index- 
ing in the greenhouse also served to determine the amount of trans- 
mission that occurred late in the season of the previous year but did 
not produce current-season symptoms. 

The same tuber indexed in the greenhouse was used for planting 
in the field the following year. Each seed piece was planted in the 
plot in the same relative position. In case of missing hills due either 
to disease or to other causes the hill was planted with healthy seed 
the following year. 

In 1925 and 1927 weekly notes were made of the prevalence of all 
insect species appearing in the plot. In 1924 and 1926 general 
observations were made of the insect population at various times 
throughout the season. No application of either spray or dust was 
made at any time during the four years. 

RESULTS 

The progressive spread of the diseases in the plots is shown graph- 
ically in Figures 1 and 2. The plants listed as infected are those 
which exhibited symptoms of the specified disease, either in the green- 
house the previous winter or in the field, and with only one exception 
the progenv of these hills showed similar symptoms. These plants 
may therefore have been the result of late infection the previous 
season or early current-season infection. 

In the data presented in Table 1 and in the following discussion, 
the attempt has been made to determine the time of infection on the 
basis of the results secured by indexing in the greenhouse. Because 
of the above facts the figures presented in Table 1 and in the dis- 
cussion do not check exactly with the data presented in Figures 1 
and 2. The inclusion in the diagrams of data on the time of infection 
would have resulted in a complicated set of symbols and has there- 
fore been omitted. 

During 1924 and 1925 no precautions were taken against the spread 
of these diseases by the cutting knife. In 1924, however, the healthy 
seed was cut before the infected seed so that no disease could have 
been transmitted to healthy seed in this way. In 1925 there was no 
evidence of knife transmission having occurred as all seeds were cut 
in the same sequence as planted and no infection occurred in the 
hills immediately following the infected hills of the previous year. 
This lack of transmission by the cutting knife was probably due to 
the fact that the seed was cut a considerable time in advance of 
planting. 

By examining Figures 1 and 2 it will be found that many plants 
listed as infected one year are marked as healthy the following year. 
In every instance but one this is due to missing hills or to the replant- 
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mg of infected hills with healthy seed because of an absence of seed 
tubers. These missing hills are noted in Table 1. 


Table 1 . — Comparative yearly increase of leaf roll, mild mosaics , rugose mosaic , 
and spindle tuber in a plot of healthy potatoes groum. under irrigation and origi- 
nally planted with one 4-hill unit of each disease in 1924 

LEAF ROLL 


I 


Total of infected 
hills * 


New infections 


Healthy 

replants 



Year 


Number 
! of hills <* 

i 

i 

Number 

Per cent 

Per ci nt 
Number ofhe.ilthv 
hills 

missing 
hills of 
in feet el 
seed 

1 924 . . . 



295 1 

3 ! 

1.0 i 

0 0. o 

1 

192. r > 



311 ; 

14 ; 

4. 5 

10 3. 3 

0 

I92fi < 



312 

20 ; 

8. 3 ! 

12 t.V 

0 

1927 



318 f 

31 

1 

!,7j 

9 3. 0 

4 


MILD MOSAIC 


1924 ... 

295 

3 

1.0 

; 0 

. 0 

1 

1 922) 

311 

r 8 | 

2 . <1 



0 

1920 


312 


1.9 

0 

. 0 

0 

1927. 


313 

10 I 

3. 2 


1 . fi 

i 


RUGOSE 

MOSAIC 





1924 


295 

4 

1 , 3 

0 

. 0 

1.3 

o 

1925 


311 

r 0 ; 

1. 9 

4 ; 

0 

192(1 .... 


312 

7 : 

2.2 

0 i 

. 0 

1 

1927 


31 3 

7 | 

2 . 2 

1 1 

. 3 

0 



1 





SPINDLE 

TUBER 





1924... 


295 

13 | 

4.4 

9 1 

i 

0 

1925 .. . 


311 

35 ! 

11 . . 

24 ; 

8 0 

2 

192(5 


312 

55 1 

14.4 

2 i ! 

9 1 

(i 

1927 


31 S 

135 ; 

42. 4 

h7 ! 

37. r, 

<; 


« Three hundred and twenty-four seed pieces were planted each year. 

h The total number of infected hills includes those showing symptoms w hen indexed. 

r Two additional mild-mosaic plants were accidentally introduced in Place of two rugose-mosaic plants. 

4 No indexing was done in I92f». Therefore part of those listed as 1927 infections may have occurred in 
1925. This error does not affect, the mild and rugose mosaic readings, as these infect ions occurred late in 1927. 


The following discussion of the spread of these diseases refers 
entirely to the irrigated plot unless otherwise stated. 

LEAF ROLL 

The seed in one hill of the original leaf-roll unit planted in 1924 
failed to sprout, while a second became infected with spindle tuber, 
possibly by the cutting knife. These were replaced in 1925 by other 
seed infected with leaf roll. No spread of leaf roll occurred in 1924. 
In 1925 no additional leaf-roll plants appeared in the field, but evi- 
dently some spread occurred, as 10 new leaf-roll plants were found 
when the progeny were indexed in the greenhouse. The infection 
probably occurred late in- the summer of 1925. In 1926, 22 leaf-roll 
plants were found. Of these, 4 were in the original leaf-roll unit 
while 10 were due to previous season infection as noted above. The 
remaining 8 plants all showed slight symptoms of leaf roll early in July 
and were, easily identified as leaf-roll plants by the 10th of 'August.. 
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The disease was evidently caused by early season transmission. In 
1927 only 4 new leaf-roll plants were found and these appeared as 
distinctly diseased early in July. The symptoms were as severe 
and appeared about as early as in the original leaf-roll unit, thus 
indicating that infection had probably occurred late in the season of 
1926, and they are therefore listed in Table 1 as 1926 infections. 
The greenhouse index of 1927, however, revealed the fact that 9 new 
infections had occurred during the summer. 

It may therefore be concluded that the greatest spread of leaf roll 
occurred late in the season of 1925. With three times as many 
sources of infection present in 1926, only 12 new infections occurred. 
Eight of these were evidently transmitted early and 4 late in the 
season. Only a slight amount of transmission occurred in 1927, as 
evidenced by 9 new infections when there were 22 plants to serve as 
sources of infection. 

It is clearly evident from Figures 1 and 2 that the disease did not 
spread any great distance. Even after four years all the leaf-roll 
plants were restricted to that corner of the plot containing the original 
leaf-roll unit and no new infections appeared at any time more than 
three or four plants removed from , leaf-roll plants. There was no 
apparent difference in spread from row to row and hill to hill within 
the row. 

MILD MOSAIC 

Only three of the four seed pieces in the original mild-mosaic unit 
sprouted in 1924. No transmission from these plants occurred in 
1924 and there were no additional mild-mosaic plants found in the 
field in 1925. Two of the hills planted in 1925 in the original rugose- 
mosaic unit in row 9 were found to have been mild rather than 
rugose mosaic so that in 1925 there were six mild-mosaic plants in 
the plot. Two transmissions occurred, apparently from these two 
additional sources of infection, the symptoms appearing in the green- 
house and in the field in 1926. (Fig. 1, C, row 9, hill 12, and row 10, 
hill 1.) No spread of mild mosaic occurred in 1926 and no additional 
mild mosaic was observed in the field in 1927. Some transmission, 
however, probably occurred late in the season of 1927 as the indexed 
plants in the greenhouse revealed the presence of five new infections. 
Judging from the location of these hills in the plot (fig. 2, B, rows 
7, 8, 9, and 10) none of these infections were transmitted from the 
original mild-mosaic unit but rather from the two new mild-mosaic 
plants of 1926, which in turn could be traced to the two mild-mosaic 
plants accidentally introduced in the original rugose-mosaic unit in 
1925. 

It is evident that in 1924 and 1926 no transmission of mild mosaic 
occurred and onlv a slight amount of spread took place in 1925 and 
1927. 

RUGOSE MOSAIC 

Except in 1925, when two mild-mosaic plants were accidently 
inserted in place of rugose-mosaic ones, all plants in the original 
rugose-mosaic unit exhibited the typical symptoms every year. No 
transmission occurred in 1924 and only one additional rugose-mosaic 
plant was found in 1925, the symptoms appearing early in September. 
Three other infections, however, must have occurred late in 1925. 
as the symptoms appeared on the indexed plants in the greenhouse 
and in the field in 1926. No new infections were noted in 1926 and 
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only one in 1927, which probably occurred late in the season as the 
disease appeared for the first time in the indexed plant. The only 
instance of partial or incomplete infection of a tuber occurred with 
hill 14 in row 12 (fig. 1, C), which showed typical symptoms of rugose 
mosaic in the field in 192(1 but failed to show any symptoms of the 
disease in 1927. 

It is clearly evident that only a very slight amount of transmis- 
sion, five infections, occurred in two of the four years. Two of these 
were to hills adjoining the original rugose-mosaic unit and the other 
three were somewhat scattered but none was more than a distance of 
12 hills from a rugose-mosaic plant. 

SPINDLE TUBER 

Although the amount of transmission obtained with the mosaic 
diseases was slight, spindle tuber spread much more extensively. 
(Figs. 1 and 2.) The first evidence of spindle-tuber transmission 
was found when the tubers produced in 1924 were examined. Four 
plants produced tubers with distinct spindle-tuber symptoms and 
in addition 5 new infections were found when the tubers were indexed. 
In 1925 there were 19 new spindle-tuber plants as evidenced by either 
foliage or tuber symptoms, and 5 additional infections were dis- 
covered by indexing. In 1926 there were 26 infections, resulting 
in the appearance of current-season symptoms on either foliage 
or tubers. As no index was made in 1926, it is impossible to deter- 
mine how many of the 38 new spindle-tuber plants that appeared in 
the field in 1927 were due to transmission late in the season of 1926. 
The index of the 1927 crop disclosed the fact that in addition to these 
38 new spindle-tuber plants there were 49 late-season infections 
that did not cause symptoms in the tubers but did produce the 
typical disease when these tubers were indexed. 

Even with the large amounts of spindle tuber present after the first 
year only 42.4 per cent of the plants were infected after four years. 
Furthermore, the disease did not spread for any great distance after 
the first year. In 1924, in addition to the original spindle-tuber unit, 
there were nine scattered infections, four of which are indicated in 
Figure 1, A. The five additional infections, which were found by 
indexing and which are listed in Figure 1, B, occurred in hills 1 and 21 
in row 7, hill 22 in row 8, hill 9 in row 9, and hill 27 in row 1 1 . Most 
of the spread in the following years was centered around these plants 
and the original spindle-tuber unit, with the exception of hill 3 in row 
2, which became infected in 1925, and hills 26 and 27 in row 5, infected 
in 1926. An examination of Figure 2, A and B, might lead one to 
assume that the spread of this disease occurred chiefly in one direction. 
As previously noted, however, the plot was not laid out in the same 
direction each year. It is more probable that the large amount of 
spread in rows 9 to 12 was due to the distribution of the infections 
which occurred in 1924 and 1925. (Fig. 1, A, B.) The remarkable 
thing is that after four years there were only six spindle-tuber plants 
more than three rows removed from the row containing the original 
spindle-tuber unit, a fact* which showed that the disease did not 
spread for any great distance. It was also notable that in these four 
heavily infected rows there still remained a half dozen healthy plants 
at the end of the four years. These are being tested to determine 
whether they possess any inherent resistance to the disease. 
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COMBINATIONS OF DISEASES 

It would he expected that in a plot of the type used in these experi- 
ments there would be a considerable number of plants infected with 
more than one disease. It was fairly easy to distinguish disease com- 
binations, with the possible exception of mild mosaic combined with 
rugose mosaic, and as these two diseases did not spread very extensively 
it is doubtful that this combination occurred. There were 18 plants 
infected with spindle tuber in addition to 1 of the other virus diseases, 
4 of these were combinations with mild mosaic, 6 were rugose mosaic, 
and 8 were leaf roll. 

RELATION OF INSECTS TO SPREAD 

IRRIGATED PLOT 

The greatest amount of infection with all four diseases occurred in 
1925 and the next largest amount in 1927. Only leaf roll and spindle 
tuber were transmitted in 1920 and only spindle tuber in 1924. 

By checking over the insect survey made on five different dates 
between July 2 and August 20 in this plot in 1925, it was found that 
a small number of aphids were present on July 2 and a much larger 
number on August 20. On the latter date 183 plants were carefully 
examined and from 1 to 7 aphids were found on each of 38 per cent of 
the plants. While this could hardly be called a heavy infestation 
of aphids, it was the largest number found at any time during the four 
years and probably accounts for the greater amount of transmission 
that occurred in that year. The other insects noted in 1925 were 
Colorado potato beetles, gray blister beetles, leaf hoppers, tarnished 
plant bugs, and grasshoppers. The tarnished plant bugs were the 
most abundant 

In 1927 the only aphids observed were found very late in the 
season just before digging. This may explain the fact that the only 
transmission of mosaic and leaf roll occurred late in the season and 
was not evident until the tubers were indexed in the greenhouse. A 
considerable number of flea beetles were present early in July and 
August, but no other insects were noted except Colorado potato 
beetles, a few leaf hoppers, and some grasshoppers. 

In 1924 and 1926 the records of insect infestations were not made 
as accurately as in the other years, but a careful lookout was kept 
for aphids both in this plot and in the other experimenal plots on 
the farm. None, however, were noted. 

From these observations it would appear that the few instances 
of leaf-roll transmision in 1926 and the extensive spindle-tuber 
transmission in all four years must be explained on some other basis 
than that of aphid transmission. Grasshoppers, 7 which have been 
shown to be capable of transmitting spindle tuber, were possibly 
the chief agents in the spread of this disease, although the other 
insects present can not be eliminated until further tests of their 
ability to transmit the virus have been made. 

DRY-LAND PLOT 

The type of spread of spindle tuber occurring in the dry-land plot 
was in sharp contrast to that presented above for the irrigated plot. 


7 (loss, H. w. TRANSMISSION OF POTATO SP1DNI.E TUBER* BY GRASSHOPPERS (LOCUSTIDAE). Phyto- 
pathology 18: 445-448. 1028. 
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The dry -land plot was only used for two years and the detailed data 
are only presented for one year, 1925. (Fig. 2, O.) This plot was 
planted in the same manner as the irrigated plot, both the infected 
and healthy seed being from the other halves of the seed tubers used 
for the irrigated plot. Because of unfavorable conditions, the stand 
was very poor in 1924. Only 207 hills were produced from 324 seed 
pieces planted. Only two plants in addition to the original spindle- 
tuber unit exhibited the symptoms of this disease and there was no 
evidence of spread of the other three diseases. 

This plot suffered a severe infestation of grasshoppers during 1924 
from an adjoining alfalfa plot, the first three rows being almost 
entirely defoliated. Grasshoppers were also present in 1925. Figure 
2, C, shows the amount of transmission which occurred in 1924 as 
evidenced by symptoms appearing in 1925 in addition to the current- 
season symptoms that appeared from transmission early in the season 
of 1925. There were 40 spindle-tuber plants in 1925. Six of these 
were present in 1924, and 20 of them occurred in plants grown from 
healthy seed used to replace the missing hills of 1924, so that not 
more than 14 of these infections could have occurred late in the 
season of 1924. This total of 10 possible infections in 1924 is much 
greater than the number that occurred in the irrigated plot, and the 
distance of spread is greater than in the irrigated plot even after 
four years. Undoubtedly the grasshoppers were the chief agents in 
the spread of spindle tuber. In addition to the 20 new infections 
that appeared in the field in 1925, there were 10 additional instances 
of transmission as revealed by indexing the tubers. Most of these 
infections centered around the plants infected in 1924 and were widely 
scattered over the entire plot. 

In 1925 it was determined by greenhouse indexing that there were 
two instances of leaf-roll transmission and one of rugose mosaic. 
This transmission was probably due to late-season infection by aphids, 
which were present in August, though less abundantly than in the 
irrigated plot. Neither of these diseases was transmitted in 1924. 
Due to an error the original mild-mosaic unit was not planted in 
1925 and one hill of the original rugose-mosaic unit was accidentally 
planted with mild-mosaic seed. No transmission of mild mosaic 
occurred in 1924 from the original unit, nor in 1925 from the single 
plant in row 9. 

DISCUSSION 

While the experimental plots used in these tests are not strictly 
comparable to large commercial fields, the results obtained are in 
harmony with the writer's observations of the spread of these diseases 
in western Nebraska. The relative amount of spread of these four 
diseases in any one year and of each disease for the four years portrays 
quite accurately the conditions existing in the commercial fields of 
the same area (luring the same period. 

It is clearly evident that mild and rugose mosaic are not readily 
transmitted under these conditions. The amount of spread was 
negligible as contrasted with that observed in the eastern part of the 
United States by other investigators. Leaf roll, while transmitted 
more extensively, was still limited in extent and the amount of trans- 
mission was much less than that reported by investigators in other 
sections of the country. These three diseases may be chiefly de- 
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pendent upon aphid transmission, and therefore have not become as 
serious a menace under western conditions, where aphids are less 
frequent than in other parts of the country. Murphy, 8 however, 
reports transmission of leaf roll by capsid bugs ( Calocoris bipunctatus ) , 
jassids (Typhlocyba ulmi ), and flea beetles (Psi/ll lodes affinis). It is 
therefore quite probable that insects other than aphids were responsi- 
ble for some of the leaf-roll transmission, particularly in 192G, when 
aphids were not present. 

Spindle tuber was found to be quite extensively transmitted, 
although not to as great distances as reported by other investigations 
nor in as large amounts as indicated bv Werner. 9 Werner’s experi- 
ments, conducted in 1923, in which he found a very extensive spread 
of spindle tuber, are not strictly comparable to the tests reported in 
this paper, for there may have been in that year a much more severe 
insect infestation than in any of the following four years. It is 
clearly evident, however, that this disease is a more serious problem 
in western Nebraska than the other three diseases studied. The 
increase from 14 to 42 per cent in 1927 gives some indication of the 
rapidity with which it may increase when conditions are favorable. 
It must be remembered, however, that part of this increase prob- 
ably occurred late in the season of 1926, but was not determined 
because no indexing was done that year. Judging from the results 
of these four years’ study, which included a considerable range of 
variation in weather conditions, the disease would hardly be expected 
to much more than double in amount in an average year. It is also 
evident that this disease is transmitted by other insects than aphids, 
and it is quite probable that in addition to grasshoppers it will be 
found that a number of other insects can act as transmitting agents. 

It was found very diflicult to detect the mosaic plants in the field 
because of the masking of symptoms. They were easily distinguished, 
however, by greenhouse indexing. Leaf roll was usually distinguish- 
able both in the field and by indexing, but under certain field condi- 
tions it was very diflicult to separate it from severe spindle tuber. 
The latter disease could usually be detected, however, by the tuber 
symptoms. Nevertheless, in the final readings for spindle tuber the 
previous history and the performance of the progeny had to be taken 
into consideration in order to avoid inaccuracies that would have 
occurred if the readings for any one year had been considered alone. 
This difficulty in accurately diagnosing spindle tuber was due, of 
course, to the number of environmental factors that could seriously 
affect the intensity of the symptoms. 

SUMMARY 

Mild and rugose mosaic were transmitted in small amounts in 
only two of the four years of the experiment, and their spread can be 
correlated with the occurrence of aphids. 

Leaf roll was transmitted slightly more extensively, that is, there 
was 9.7 per cent infection after four years, but the disease spread 
only to a distance of about three hills from possible sources of infec- 
tion. The spread could be correlated with aphid transmission except 
in 1926, when other insects were probably involved. 


* Murphy, P. A. investigations on the lkaf-roi.1. ani> mosaic diseases of the potato. Ireland 
Dept. Agr. and Tech, instr.. Jour. 23: 20-34. Ulus., 1923. 

9 Werner, H. O., Op. cit. 
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Spindle tuber was transmitted more extensively, that is, there was 
42.4 per cent after four years. Transmission occurred in all four years, 
but was more abundant in 1925 and 1927, when aphids were present. 
The spread of this disease could also be correlated with the presence of 
grasshoppers, although other insects may have been involved. None 
of these diseases were spread more than a few rows distant from the 
sources of infection. 

Of the four diseases studied, spindle tuber is undoubtedly the one 
most to be feared under western conditions, although there was 
evidence that leaf roll may become a serious problem if it once 
becomes established in the West. 



THE RESPIRATION FACTOR IN THE DETERIORATION 
OF FRESH VEGETABLES AT ROOM TEMPERATURE 1 


By Marjorie P. Benoy 
Oklahoma Agricultural Experiment Station 

INTRODUCTION 

The physiological changes that occur during the rest period of the 
hardy vegetables have been the subject of many investigations. In 
general, the chemical composition varies slowly, and it has been found 
convenient to allow rather large intervals of time to elapse between 
observations. Among the more perishable vegetables, however, 
Morse, 2 working with asparagus, and Appleman, 8 and Appleman and 
Arthur, 4 with green sweet corn, have found that profound changes in 
composition occur within a few hours after harvesting, sweet corn, 
for instance, losing between 50 and 60 per cent of its sugar during 24 
hours at 30° C., and very little after that with longer holding; by 
using a low storage temperature the loss could be very appreciably 
reduced. In view of the manner in which fresh vegetables are usually 
handled in markets, stores, and kitchens it becomes important to 
investigate the changes occurring at room temperature in other green 
vegetables during the first few hours after they are gathered, and that 
was the object of the present study. As respiration is probably the 
principal factor in the deterioration of fresh vegetables at higher 
temperatures, attention was focused upon that process. 

It is recognized that vegetables in markets and stores are subjected 
to many variables, all of which probably affect the rate of respiration 
and the rates of the other processes involved in deterioration; there 
are external variables such as temperature, humidity, and intensity 
and kind of illumination, and internal factors involving the variety 
of the vegetable and its degree of maturity. It would be interesting 
to determine the influence of each of these variables on the rate of 
respiration, but that was beyond the scope of this study, and so fixed 
conditions were chosen — a temperature of 30° C., an atmosphere 
which was saturated with water vapor, absence of light, and that 
stage of maturity in each case which represents prime eating condi- 
tion- -and the data obtained from the different/ vegetables under 
identical conditions should serve as the basis for comparisons. 

EXPERIMENTAL PROCEDURE 

A diagram of the apparatus used in the experiments is shown in 
Figured. Soda lime in A served to remove (XX from the air that 
entered from out of doors. The reservoir C and the respiration 


1 Received for publication Feb. 11, 19211; issued July, 1929. Published with the permission of the director 
of the station. 

2 Morse, F. W. experiments in keeping asparagus after cutting. Mass. Apr. Expt. Sta. Bill. 
172, p. [297J-307. 1917. 

: Appleman, C. O. respiration and catalase activity in sweet corn. Amer. Jour. Bot. 5: 207-21.9, 
illtis. 1918. 

< aiK j Arthur, J. M. carbohydrate metabolism in green sweet corn during storage at 

different temperatures. Jour. Agr. Research 17: 137-152, illus. 1919. 
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chamber D were placed beneath the surface of the water in an elec- 
trically controlled thermostat. It was assumed that the movement 
through C would be sufficiently slow to allow the air to assume the 
temperature of the surrounding bath and become very nearly saturated 
with water vapor from the layer of water in the bottom of this 2-liter 
bottle ; a dropping funnel (not shown) permitted the addition of more 
water in C as it was needed. The air was always sufficiently humid 
to prevent the vegetables from wilting. For the respiration chamber, 



Figure 1. --Diagram of the respiration apparatus: A and E contain soda lime; B and (J contain a 
dilute solution of bromthymol blue; C, air reservoir; D, respiration chamber; K, Truog absorption 
tower; II, /50c. c. separatory funnel for introducing standard Ba(OII)z solution; I, stopcock. (' 
and D are placed in the constant temperature bath 

vessels of various sizes and shapes were used, the object being to suit 
the vessel to the vegetable so as to allow as little waste space as 
possible — wide-mouthed bottles, small desiccators, and sometimes 
straight tubes 1-inch in diameter, stoppered at each end, served the 
purpose. The stopcocks at I permitted the gases to be diverted 
through the soda-lime tube E between measurements. F is the 
Truog " absorption tower with the tube lengthened to 30 inches to 
lessen the danger of loss of solution at the top. Ba(OH) 2 solution 
was introduced at H. Truog’s technic was followed almost exactly 
in the use of this tower, which proved to be much more efficient than 

« Trucks, E. method* for the determination of carbon dioxide and a new form of absorption 
TOWER adaited to the titrlMktric method. Jour. Indus, and Engin. Chera. 7: 104V1049, Ulus. 1915 
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any other absorption device tested. At B and G small wash bottles 
were introduced containing a dilute solution of brom thymol blue. 
The laboratory distilled water had a pH of approximately 8.0 when 
COo was removed and consequently gave a good deep-blue color with 
this indicator. The wash bottles, situated as they were, served to 
show whether C0 2 entered C or escaped from F. On a few deter- 
minations with asparagus (the most rapidly respiring vegetable 
examined) a small white crucible containing a little of the indicator 
was placed in the respiration chamber D with the vegetable, and gave 
assurance by its green tint that the rate of movement of the gas 
stream was sufficiently rapid to prevent the collection of significant 
amounts of C() 2 in the chamber. In making determinations the 
water pump was turned on far enough to draw bubbles almost to the 
top of F. and the indicator bottles were watched to see that they 
maint ained the proper shade ; beyond this no attempts were made to 
measure or control the rate of flow of gases through the train. Some- 
times preliminary experiments were necessary to discover the most 
convenient amount of any vegetable to use; the weights employed 
varied from 50 to 500 grn. The respiration chamber was submerged 
beneath approximately a foot of water, in most cases lead plates 
covered the top to keep it down, an# the thermostat was in a corner 
of the laboratory far removed from windows, so that the influence of 
light may be considered negligible. 

Experimental material consisted of fresh vegetables of edible 
maturity brought directly from the garden into the laboratory before 
the sun was high enough to cause any wilting. All unnecessary 
bruising was avoided. Vegetables were used for study in the forms 
in which they are displayed on the market; that is, in the case of 
beet, green onion, carrot, and lettuce, the whole plant was used; in 
the case of green beans, pimientos, mangoes, and okra, a very short 
stem was left attached; tomatoes were pulled off carefully from the 
vine, and asparagus was cut at the surface of the soil. The choice 
of vegetables was determined by availability. It should be noted 
that the temperature in the garden when the vegetables were obtained 
was usually near 30° C\, so that the material was not subjected to 
a decided change in temperature when it was placed in the 
thermostat. The material was washed, dried carefully, and weighed, 
only perfect specimens being used. 

Thirty degrees centigrade was chosen as the working temperature 
and the bath was held constant to within ±0.5°. This particular 
temperature seemed best adapted to the study for two reasons — 
(1) it was practically the lowest temperature which could be held 
constant during the summer months with a water thermostat and no 
special cooling device, and (2) it represents fairly well the average 
daytime room temperature in this part of the country (Oklahoma). 

Determinations were made as follows: After the material for study 
had been placed in the respiration chamber D, 25 c. c. of 0.25N Ba 
(OH)j was introduced into the funnel H, and the suction of air through 
the apparatus was begun, the by-pass tube E being used to remove 
all C0 2 coming from the respiration chamber. When the indicator 
bottle showed by its color that the C0 2 originally present in the 
absorption tower had been removed (usually about one-half hour 
sufficed) the stopcock in H was opened, allowing the Ba(OH) 2 
solution to enter the tower. The stopedek of H was closed lmmedi- 
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ately and the stopcock I opened, at the same time the two stopcocks 
on the by-pass tube were closed. The exact time of opening I was 
noted; the runs were continued for exactly one hour, after which I 
was again closed, the by-pass stopcocks opened, and the suction 
reduced. The Ba(OH) 2 solution remaining on the walls of H was 
washed into the absorption tower F with small amounts of C0 2 = free 
water. The absorption apparatus was disconnected, the stopper 
carrying the tube loosened, and the beads washed with C0 2 — free 
water into the flask, where the excess Ba(OH) 2 was determined by 
titrating with N/10 HC1 in the presence of phenolphthalein. Deter- 
minations were repeated at 2-hour intervals throughout the day. 
The experimental material was kept in the thermostat overnight, but 
the lid of the respiration chamber was replaced by a loosely arranged 
wet cloth and the jar was supported with its mouth on a level with 
the surface of the water, so as to allow free access of air to the vege- 
tables without allowing them to wilt or change temperature. Deter- 
minations were continued then through the second day. Blank 
determinations showed that no measurable amount of C0 2 leaked in 
or was taken up directly during the manipulations. 

EXPERIMENTAL RESULTS 

The results, presented in the form of curves, are shown in Figure 
2. In every case where there was a significant decline in the rate of 
respiration during the first 12 hours the whole 30-hour determination 
was repeated one or more times with fresh material. The curve 
given in each case was one chosen as typical. Curves on different 
specimens of the same kind of vegetable were always closely similar 
in shape and in actual position. The curves appear to approach the 
logarithmic in form. By mechanically computing the area under the 
curves for a 24-hour period (from the second until the twenty -sixth 
hour) the total amount of C0 2 evolved was determined; by assuming 
that all the carbon lost came from glucose, the weight of this sugar 
used up may also be calculated. These values are shown in Table 1. 

Table 1 . — Calculations of the carbon and glucose lost per 100 gm. dry weight of 
various vegetables when held at 30 C° for 26 hours after cutting 


Vegetable 


Asparagus... _ 

Lettuce 

Green beans 

Okra - - - 

Green onion 

Carrot — 

Tomato. 

Beef 

Green mango (sweet pepper) . .> ...... 

Ked pimiento (short, broad variety). 



i Weight 

Weight 

i Caitu- 
j lated 


of C0 2 

of carbon 

i weight of 


evolved 

lost be- 

| glucose 

! Ory 
matter 

between 

tween 

lost be- 

second 

second 

tween 

and 

and 

second 


twenty- 

twenty- 

and 


sixth 

sixth 

twenty- 


hour 

hour 

sixth 

1 



hour 

! Per cent 

Grams 

Grams 

Gra ms 

.! 8. 3 

20. 065 

5.473 

13. 682 

! ft. 2 

9. 424 

2. 570 

6. 425 

1 7. 7 

9. 273 

2. 529 

6. 322 

1 13. 7 

7. 699 

2.091 

5. 228 

j 9.3 

ft. 627 

1.807 

4.518 

13. 9 

4. 659 

1.271 ! 

3. 178 

; ft. 1 

3. 920 

1.069 ; 

2. 672 

| 9.5 

• 2. 958 

.807 i 

2. 618 

| 8.0 

2. 880 

.758 i 

1.9(52 

: 9.4 

1.893 

. 51ft 

; 1.290 


* It was only possible to carry the beet determinations over the first day because of a tendency to mold. 
The values here given were obtained by extrapolation. 
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July i, 1929 Respiration Factor in Deterioration of Vegetables 


No more need be said about the order of the vegetables with respect 
to the amount of C 0 2 evolved than that it is in agreement with the 
general observation that the most rapidly developing tissue respires 



FiGuitK 2. Curves showing decline in respiration rate of fresh vegetables during the first 30 hours 
after cutting, when held at a constant temperature of 30° C. (±0.r>) 


most rapidly. That other significant changes, tending to decrease the 
food value of the vegetables under consideration, were occurring 
simultaneously is not to be doubted, such /vs, for example, an increase 
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in woody fiber. 0 This study presents only one phase — although 
probably the principal one — of the general deterioration process. 

The vegetables came out of the thermostat (except the beet) after 
one and one-half days at 30° C., in an atmosphere nearly saturated 
with water vapor, looking as fresh and attractive as if they were 
straight from the garden — there was no outward indication of the 
changes which had gone on, except that the asparagus had increased 
a little in length. 

SUMMARY 

Ten green vegetables of edible maturity were subjected to compara- 
tive examination during the first 30 hours after they were harvested. 
Their changing rates of respiration at 30° C. were measured and 
plotted, the total amount of COo evolved between the second and the 
twenty-sixth hours w r as calculated and the weights of glucose presum- 
ably oxidized in producing this quantity of C0 2 were computed. With 
respect to the amount of gas evolved for equal weights of dry matter 
during the 24-hour period, the vegetables stand in the following 
descending order: Asparagus, lettuce, green bean, okra, green onion, 
carrot, tomato, beet, green mango, red pimiento. The amounts of 
glucose accounted for vary from 13.68€ gm. per hundred grams of dry 
weight in 24 hours for asparagus to 1.290 gm. for red pimientos. 

« Bitting, K. G. deterioration in asfaragus. Natl, fanners Assoc. Research Bui. 11. IK p. t Ulus. 
1917. 
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A PHYSIOLOGICAL STUDY OF ROOTING AND CALLUSING 
IN APPLE AND WILLOW 1 

By Charles F. Swingle 2 

Assistant Pomologist, Office of Horticultural Crops and Diseases , Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

In treatises on horticulture? but two categories of cuttings are generally 
recognized — those' of softwood and those of hardwood. However, hard- 
wood cuttings may, in turn, be divided into two categories — those that 
have preformed small but unmistakable root primordia (already present 
when the cuttings are? removed from the original plant) and those that 
ele> not possess such prirnordia. Where they are found, these preformed 
primordia seem te> be' simply very smafit roots or groups of cells that will 
produce' mots upon further growth. Little is known as yet about them 
or the? environmental influences that affect their formation, but they 
appear to be specific or varietal characteristics of certain plant fe>rms 
(17). 3 The present paper deals only with hardwood cuttings that have 
such preformed root primordia, apple cuttings (Springdale variety) and 
willow cuttings (Salix alba L.) being used. 

Essentially, the rooting of cuttings with primordia consists simply in 
renewed growth, by which the small dormant roots elongate and push 
out beyond the bark. In the' forms here studied the formation of these 
roots had occurred long before the cuttings were taken from the trees. 
These roots may be detected in the bark of 3-year-old and older branches 
of the Springdale apple, but they have not been observed in the younger 
wood. Apparently a certain degree of maturity is necessary before 
they begin to form. 

The writer (21) has recently shown that such root primordia are 
formed by the cambium and apparently only at certain places where 
branch or leaf-trace parenchyma or primary or secondary rays cross 
the cambium. The primordia enlarge until the tips reach the outer 
surface of the bark or project a bit, and then they cease to enlarge 
and remain dormant until special conditions lead to renewed growth. 
They are apt to occur in small groups or in groups of 100 or even many 
more, as well as singly 7 . The raised and modified areas of the bark in 
and beneath which they lie have long been called burrknots in 

1 Received for publication Mar. 13, 1928; issued July, 1929. This study represents one phase of 
nursery-stock investigations in the Bureau of Plant Industry of the IT. S. Department of Agriculture. 
The work was done under the official direction of L. O. Corbett, Senior Horticulturist, in charge of the 
Office of Horticulture. 

2 For materials and equipment, for much help in planning and conducting the experiments, in interpret- 
ing the results, and in presenting them in this form, the writer wishes to express his appreciative thanks 
to I rof. Burton E. Livingston, Director of the Laboratory of Plant Physiology of the Johns Hopkins 
University. The writer has also been materially assisted from time to time by Dr. F. W. Haasis, of the 
same. laboratory and of the U. S. Forest Service, and by Mrs. Mildred B. Swingle. 

Reference is made by number (italic) to “ Literature cited,” p. 127. 
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England. The occurrence and formation of root primordia in 
certain varieties of apple, etc., that exhibit this peculiar phenomenon 
have been reported by the writer ( 17 , 18, 19, 20). 

The occurrence of preformed root primordia under the superficial 
bark layers in some willows has been demonstrated recently by 
Van der Lek (11) and by Priestley (14) and was mentioned by Trdcul 
(22) in 1846. In the present studies these have not been given special 
attention further than to ascertain that they occurred on the willows 
used in the experiments and to make sure that the roots produced 
in these experiments were of the type here considered; that is, were 
actually produced by renewed growth of preformed, dormant roots. 
In willows, so far as known, there are no burrknots, for here the 
dormant roots occur only singly or in small groups and do not result 
in discernible enlargements. It appears, however, that Salix alba 
and the Springdale variety of apple are essentially alike in this 
particular, that both have preformed roots occurring in the bark of 
the older twigs. Vochting (28) reported that root primordia were 
very much more numerous on stems of willow 2 years old and older 
than on the most recently formed stems. 

ENVIRONMENTAL CONDITIONS NECESSARY FOR ROOTING AND 
CALLUSING OF CUTTINGS 

The production of callus at the ends of cuttings or at lenticels often 
precedes or accompanies the “pushing” of roots. Callus is a form 
of tissue hypertrophy, sometimes resulting in large masses of white 
parenchyma, and it has been thought that there is some definite 
relation between callus production and root formation. It is still 
very generally held by propagators that new roots spring from the 
previously developed callus, in spite of the fact that Corbett (4) long 
ago pointed out that rooting and callusing are usually distinct pro- 
cesses. It seems probable, nevertheless, that roots may be induced 
to form from callus under some conditions. 

Among the earliest analytical work on the rooting of cuttings were 
the important studies of Vochting (23). According to his results 
with Salix mminalis L., gravitation had little or no influence on root- 
ing, while light was found to retard it. His cuttings failed to root 
in the absence of oxygen. 

Boehm (1, 2) stated that the rooting of willow cuttings was greatly 
retarded or practically prevented when the air about them had 
a pressure of 3 to 6 atmospheres. 

Simon (15) found that callus growth in Pojmlus nigra L. was most 
vigorous with humidities of 85 to 90 per cent. Grau (6) reported 
that an air humidity of 85 to 95 per cent, with a temperature of 25° 
C., produced abundant callus but few stem growing points in de- 
capitated cuttings and grafts of tomato and nightshade. With the 
same temperature, but with air humidity of 60 to 75 per cent, little 
callus was produced, but many stem growing points were formed. 
With a maintained air humidity of 76 per cent, she found that the 
optimum temperature for callus growth was about 28° to 32°, while 
that for the production of stem growing points was about 22° to 28°. 

Curtis (5) obtained results which indicate that rooting was stimu- 
lated by proper treatment of the cuttings of Ligustrum ovalijolium 
Hassk, with potassium permanganate, probably tnrough an accelera** 
tipn of the respiration processes. 



July 15, 1929 


Rooting and Callusing in Apple and Willow 


83 


Zimmerman (24) reported that willow cuttings failed to root when 
surrounded by gas containing 90 to 100 per cent of oxygen. The 
most active rooting in his experiments occurred with a gas mixture 
of oxygen and nitrogen containing 15 to 33.3 per cent of oxygen. 
Approximately “normal” growth occurred with 25 per cent of carbon 
dioxide in the gas about the cuttings, provided the oxygen content 
was between 25 and 33.3 per cent. According to Zimmerman's 
experimental results, the optimum temperature for rooting for Late 
Crawford peaches seemed to be at least as high as 24° C., while the 
optimum for Ilex verticillata (L.) Gray seemed to be at least as high 
as 27°. 

Regarding the influence of the hydrogen-ion concentration of the 
medium in which cuttings are rooted, apparently the only publications 
are those of Smith (16) and of Hitchcock and Zimmerman (7). The 
former worker found that Coleus cuttings rooted best in water with a pH 
value of 7.0 to 7.2, but there was some rooting throughout the range 
from pH 4.0 to pH 9.2. Inasmuch as acid peat with a pH value of 
about 4.6 is considered the best practical medium in which to root 
Coleus cuttings, she concluded: 

These results indicate that the free admission of air is one of the most favour- 
able aspects of the fibre and suggest that (for this plant at least) given equal 
supplies of oxygen, a reaction of the medium near neutrality would be preferable. 

Hitchcock and Zimmerman (7) presented at the 1926 meeting of the 
American Society for Horticultural Science some results showing that 
certain acid-soil plants root better in peat than in sand and that certain 
others root better in sand than in peat. In the discussion of their 
paper it was brought out, however, that they had been unable to 
differentiate between the influences exerted by acidity of the medium 
and its capacity to supply oxygen and water. It may be that the 
acidity of the medium as such plays very little part in the rooting of 
plant cuttings within the ordinary ranges of horticultural experi- 
mentation and practice. 

Knight (9) has recently reported that the production of callus on 
cuttings is favored by a higher soil moisture than is required for the 
production of abundant roots. He does not appear to have distin- 
guished between the influence of high water content as such and its 
influence in limiting the oxygen supply. 

GENERAL NATURE OF THE EXPERIMENTAL STUDIES 

The experiments reported in this paper represent an attempt to 
obtain some additional knowledge, of a somewhat quantitative 
nature, about the temperature, water, and oxygen relations of root 
and callus development on cuttings of the Springdale variety of 
apple and of Salix alba L. This study is distinctly of a preliminary 
nature. It is intended to report the results of a particular group of 
experiments with particular kinds of cuttings and should not be used 
as a basis for generalizations about the behavior of plant cuttings in 
general or even of cuttings with preformed, dormant roots. 

Though this paper deals only with the controlling external factors, 
it is necessary to emphasize the obvious but frequently neglected or 
slurred generalization that the formation of roots clearly depends 
not on internal conditions alone nor on external conditions alone but 
on both categories of influential conditions operating together. 
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The experimental data were nearly all obtained in the Laboratory 
of Plant Physiology of the Johns Hopkins University in 1926-27, 
although some preliminary exploration al tests had been made earlier. 

METHODS AND PROCEDURES 

THE PLANT MATERIAL AND ITS PREPARATION 

The apple cuttings used in these experiments were all obtained 
from one tree of the Springdale variety at the Arlington Experiment 
Farm, Rosslyn, Va. The willow cuttings were obtained from one 
tree of Salix alba on the grounds of the Johns Hopkins University. 
Other plant material used from time to time was obtained at the 
United States Plant Field Station, Glenn Dale, Md. The willow 
cuttings were usually put into the experiment chambers the day they 
were removed from the tree. The apple cuttings were put into 
closed suitcases when removed from the tree and remained there, 
without the addition of water, for one or two days at a temperature 
of about 19° C., until they were placed in the chambers in water. 
In the case of the apple cuttings, as in the case of all other material 
not placed either in the chambers, or in water as soon as removed 
from the plant, a fresh cut was always made at each end of each 
cutting. 

In each experiment great care was taken to insure like lots of 
material of each kind for all tests throughout the series. After being 
made, the cuttings were sorted into as many lots as would be needed, 
all lots being as nearly alike as possible. The apple cuttings were 
from wood 3 to 10 years old; most of the willow cuttings were from 
2-year-old wood, but some 1 -year-old and some 3-year-old wood was 
used. In most of the experiments 50 cuttings were placed in each 
chamber, the chambers being 3-liter bottles. In some cases all 
cuttings in any chamber were of one kind, either apple or willow 7 , but 
there were generally two or more plant forms represented in each 
chamber. 

No precautions were taken to secure or maintain sterile conditions 
in the chambers. At the higher temperatures, especially with low 
rates of oxygen supply, considerable amounts of mold developed, and 
some fermentation was generally evident at the end of the 10-day 
experiment period. There were no indications, however, that lack 
of sterile conditions played any appreciable part in the control of 
rooting and callusing in any test. 

In some of the experiments the cuttings were subjected to a pre- 
liminary treatment w T ith water, and in about the same number of 
experiments they received no preliminary treatment. In most cases 
the experiment period was either 7 or 10 days, counting from the 
time the cuttings were made and distributed into groups. 

EXPERIMENTAL CONDITIONS 

In most cases the cuttings of each test were brought under the 
special conditions for. that test by means of experiment chambers, 
large-mouth bottles, generally with a capacity of 3 liters, but in some 
cases larger or smaller. These test bottles were closed with rubber 
stoppers, suitably provided with perforations in cases where flowing 
gas was employed, and each bottle contained some water at the 
bottom. In some of the earlier experiments the bases of the cuttings 
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rested on wet or merely moist cotton, supported on miniature per- 
forated tables formed from blocks of paraffin, which rested on the 
bottom of the bottle in each case. It was found, however, that this 
arrangement was unsatisfactory, since the bases of the cuttings were 
more or less unequally supplied with water by. the cotton. In later 
experiments the cuttings were in contact with gas only, each one 
being supported on a wire stilt, applied just before the cutting was 
placed in the chamber. The stilt consisted of a piece of iron “stove- 
pipe” wire wrapped once around the cutting near its base and pro- 
jecting downward about 10 cm. beyond the lower end of the cutting. 
The free end of the wire rested on the bottom of the test bottle, and 
the cutting was supported so that no part of it came in contact with 
the water below. 

The experimentation involved different treatments of the cuttings, 
with respect to (1) temperature, (2) water, and (3) oxygen conditions, 
which were more or less controlled artificially by special arrange- 
ments or procedures. The preliminary nature of the work and lack 
of time for further refinements made it undesirable or inexpedient to 
attempt precise controls, except in the case of temperature, which 
could be readily maintained within narrow limits of fluctuations. 
The influence of changing temperature was not studied, only con- 
tinually maintained temperatures being employed. 

TEMPERATURE 

Most of the experimental results here reported were secured by 
means of a battery of seven dark chambers with automatically main- 
tained temperatures. These temperature chambers have been de- 
scribed by Livingston and Fawcett { 12 ). The seven chambers are 
vertical cylinders, each with a covered opening at the top, arranged 
in a row. Each chamber is surrounded by a water jacket, except 
above, where there is an insulating cover, and the water is mechani- 
cally stirred, which is also true of the air in the chamber. Each 
chamber is 33 cm. in diameter and 43 cm. deep. One end of the 
series is electrically heated and controlled; the other is electrically 
cooled and controlled. For each experiment the controls were set 
to give a series of seven different maintained temperatures. Tem- 
jjerature fluctuation in any chamber generally did not extend beyond 
1° C. above and below the value shown, and fluctuation was usually 
much smaller. The largest fluctuations were of short duration; they 
were occasioned by necessary opening of the chambers and did not 
reach the cuttings in the test bottles. 

The test bottles containing the cuttings were in the seven con- 
trolled chambers. When flowing gas was employed the tubes leading 
to and from the bottles entered the chamber through small holes in 
the top, alongside the removable cover. 

Another arrangement for maintaining a single temperature on a 
very narrow temperature range was employed in some of the experi- 
ments. It consisted of a vertical, insulated, cylindrical tank of 
galvanized sheet iron, 70 cm. high and 50 cm. in diameter, filled with 
water and provided with a very positive mechanical stirrer operated 
by an electric motor, and also provided with an electric emersion 
heater, a mercury thermoregulator, and suitable relays. The test 
bottles containing the cuttings were suspended in the rapidly circulat- 
ing water of the tank. No means was provided for cooling this tank, 
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and it was consequently used only for the maintenance of temperatures 
above the maximum one of the greenhouse room in which the ap- 
paratus was located. 

A few experiments were carried out in the dark room of the labo- 
ratory, which provided a temperature generally about 19° C., with 
fluctuations between 18° and 22°. 

Moisture 

The moisture and conditions of the gas about the cuttings were 
those of approximate saturation for the temperature employed. As 
has been said, each test bottle had some water at the bottom. When 
flowing gas was employed the gas stream was first passed through 
water in a humidifying bottle, so that the gas entering the test bottle 
was practically saturated with water vapor. Upon entering, the gas 
bubbled through the standing water at the bottom of the bottle, and 
complete saturation was thus very nearly approached. 

In some of the experiments the cuttings were inserted in the test 
bottles without any special preliminary treatment. Doubtless these 
cuttings had lost a little of their original water content, since they 
had been removed from the tree for a considerable period and had 
been brought into the warmer laboratory room from the cooler out 
of doors. 

In some experiments the influence of preliminary wetting of the 
cuttings was studied. This preliminary treatment was applied just 
before the cuttings were placed in the test bottles, the aim being to 
increase more or less the water content of the cuttings, either through- 
out or near the cut ends or near the base alone. Several different 
preliminary treatments with water were employed, as shown just 
below and as summarized in the tabulated results. The time con- 
sumed in the preliminary treatment was, in every case, included in the 
10-day period of the experiment. 

(1) Cuttings were completely injected by being submerged in 
water, with the air above first nearly exhausted for 15 minutes and 
then allowed to reenter the injection chamber. They remained in 
the water 22 hours after atmospheric pressure had been resumed. 
(Experiment 8.) 

(2) Cuttings were completely submerged in water for one hour 
without injection. (Experiment 14.) 

(3) The bases of cuttings were submerged in water for 19, 22, 24, 
or 48 hours without injection. (Experiments 10, 9, 15, 16, respec- 
tively.) 

(4) The bases only were injected (as in 1, above), and the bases 
remained under water for 19 hours after atmospheric pressure had 
been removed. (Experiments 11, 12.) 

Oxygen 

In many of the experiments gas flowed through the test bottles 
throughout the experiment. The gas stream was passed through 
the bottle by means of suitable tubes borne by a 2-hole rubber stopper 
set in the bottle mouth. The rate of flow was maintained by means 
of constant pressure and properly adjusted orifice resistance, a cotton- 
kaolin orifice control like that devised by Hutchins (S) being used. 
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Constant pressure was maintained by means of a mercury pressure 
regulator with 4 cm. of mercury column and continuous escape of 
some gas. Several rates of gas flow were employed, approximately 
as follows: 

300 c. c. per hour (experiments 1 to 5 and experiment 7, apple and willow). 

50 e. c. per hour (experiment (5, apple and willow). 

200 c. c. per hour (experiments 8 to 16, apple, and experiments 8 to 12, 
willow) . 

Flowing air was employed in experiments 2 to 4 and 8 to 12 (apple 
and willow) and in experiments 13 to 16 (apple). Flowing oxygen 
was employed in experiments 1 and 7 (apple and willow), and an 
artificially prepared mixture of oxygen and nitrogen was employed in 
experiments 5 and 6 (apple and willow), the mixture containing 5 per 
cent oxygen. Glass and lead tubing were used, with a minimum 
amount of rubber tubing for connections. When flowing air was 
used the requisite pressure gradient was maintained by means of an 
ordinary water aspirator pump attached to the laboratory water 
supply, the mercury pressure regulator and the orifice controls being 
suitably arranged. Air entered each test bottle from the maintained- 
temperature chamber in which the bottle stood, the air being thus at 
the proper temperature in each case, afid it was discharged throughout 
the aspirator. When flowing oxygen or the artificial mixture of 
oxygen and nitrogen was used it was drawn from an ordinary com- 
mercial tank by means of a control valve, no pump being required. 

The oxygen-nitrogen mixture was prepared in a commercial gas 
tank at high pressure, the proportions of the two gases being deter- 
mined by their partial pressures in the mixture. The method used for 
preparing this mixture was that employed by Prof. E. K. Marshall, of 
the Johns Hopkins Medical School, who brought it to the writer’s 
attention. In one case, for example, an empty tank was connected to 
a tank of nitrogen at an initial pressure of 1,800 pounds per square 
inch, the connection being made by means of a piece of suitable copper 
tubing 75 cm. long with a mechanical pressure gauge inserted in the 
middle and with a suitable coupling at each end. After the two tanks 
had been connected their valves were opened, and the pressure was 
allowed to become about the same in both. Both valves were then 
closed, and one tank was removed from the connecting tube and re- 
placed by a tank of oxygen at a pressure of 1,200 pounds per square 
inch. After an hour, during which the nitrogen (cooled by this 
expansion) again assumed the temperature of the surroundings, the 
valve on the nitrogen tank was opened (the valve on the oxygen 
tank remaining closed), and the pressure of the nitrogen was read 
from the gauge; it was 910 pounds per square inch. Then the oxygen 
valve was opened, and oxygen was allowed to pass into the nitrogen 
in several installments till the gauge reading, with the oyxgen valve 
again closed and after a suitable period for temperature recovery, 
was 958 pounds per square inch. Then both valves were closed, 
and the coupling tube was removed. The tank that had been 
originally empty now contained a mixture of nitrogen and oxygen, 
with partial pressures of 910 and 48 pounds per square inch, respec- 
tively; i. e., a mixture of approximately 95 per cent of oxygen. This 
method of preparing the gas mixture does not involve differential 
solubilities of the gases in a liquid, as when gasometers are used, and it 
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provides the mixture conveniently in a pressure tank, under pressure 
suitable for long runs of such experiments as are here considered. 
The limits of precision are set by the precision of the gauge readings. 

Commercial nitrogen and oxygen such as were used in these studies 
are prepared by the distillation of liquid air and may be supposed to 
contain some impurities, which are limited to the constituents of air. 
The nitrogen contains a very little oxygen (perhaps 0.5 of 1 per cent), 
•and the oxygen contains a corresponding amount of nitrogen. Carbon 
dioxide and argon are present in such small quantities that they may 
be ignored. Since tests of similar gases by other workers indicate no 
other impurities as likely to be present, no scrubbing arrangements 
were employed, and no analyses were made. 

When oniy small quantities of gas mixtures were needed, other and 
less precise methods of mixing were employed. The ordinary pro- 
cedure with a water gasometer was followed in some cases. In some 
of the preliminary experiments without maintained temperatures and 
without flowing gases, rubber bladders were used, the gas within the 
test bottle being thus maintained under slightly more than atmospheric 
pressure. With this arrangement, which was similar to that used by 
Free, 4 only nitrogen, oxygen, or carbon dioxide was used with any 
given bottle and bladder, and mixtures were not attempted. In a few 
experiments a method described by Cannon (3) was emploved. The 
oxygen of the air in an inverted test tube was practically all removed 
very rapidly by means of moist, bright steel wool in the closed end of 
the tube, the cuttings being initially placed in the tube and the lower 
end of the latter being closed with agar gel. 

Duration of the Tests 


It has been made clear by the work of Lehenbauer (10) on mai/e 
seedlings that the temperature graph for any form of plant growth may 
be expected to vary considerably with the length of the experiment 
period, especially with regard to the cardinal temperatures. If the 
period is very short, no growth is to be detected except at tempera- 
tures within or in the vicinity of the optimum range. This generali- 
zation probably applies to the study of the rooting and callusing of 
cuttings. A 10-day period was arbitrarily adopted for most of these 
tests, simply because this period proved long enough to give appar- 
ently satisfactory and consistent results. A 7-day period w r as used 
for some of the experiments with willow, especially those carried 
out in the single-chamber apparatus described above, maintained 
only at optimal or supra-optimal temperature. 

OBSERVATIONS AND RECORDS 

At the end of the 10-day period the cuttings were all removed from 
the test bottles and records were made of the amount of rooting and 
callusing that had occurred. The data thus secured were so averaged 
as to give a numerical index representing each form of activity at each 
temperature of an experiment. For callusing, observations were made 
on base and top callus separately. 


4 Free, E. K. the oxygen requirement of plant hoots in relation to soil aeration. 
Johns Hopkins.) 1917. [Unpublished.] (See also reference 13 , p. 128.) 


(Diss. 
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EXPERIMENTS WITH APPLE CUTTINGS 

The data from the experiments on rooting and callusing of apple 
cuttings in flowing gas and with maintained temperatures are pre- 
sented in Table 1. For each temperature used (except the highest 
in each experiment) the tabulation shows an index value representing 
the “pushing” of roots and two values for the formation of callus, 
the first for the tops and the second for the bases of the cuttings, which 
were all placed with their basal ends downward. For the highest 
temperature value in each series no rooting or callusing values are 
given, since no activity of either sort was observed at these tempera- 
tures. Consequently, the temperature shown at the extreme right 
in each line of the table may be taken to represent either the tempera- 
ture maximum for all three kinds of activity in the experiment in 
question or else a value somewhat higher than the maximum in each 
case. 

The values given for pushing of roots represent in each instance 
the proportion of the cuttings used that showed more or less pushing 
of roots at the end of the 10-day period. These are calculated on 
the basis of 10; the value 10 indicates that every cutting showed some 
pushing of roots, the value 0 indicate# that six-tenths of the cuttings 
showed this activity, and so on. These rooting values give no indi- 
cation of the number of protruding roots observed or the lengths of 
the roots. If a cutting showed but a single slightly protruding root 
it was recorded as pushing, and the record was the same if there were 
several protruding roots, some of which were 1 cm. or more in length. 
It would doubtless have been more to the point if the number of 
root primordia had been determined for each cutting together with 
the number and length of the protruding roots at the time of observa- 
tion, so that the index of pushing might have been based on the total 
number of primordia available instead of on the number of cuttings 
used, while the amount of growth after the roots emerged might have 
been shown quantitatively in terms of their elongation. In the 
case of the willow cut tings, however, the counting of primordia would 
not have been possible for these are not visible. 

The amount of callus developed at the top and at the base of the 
cuttings during the 10-dav period is shown in the table by relative 
numerical values between 0 (no callus observed) and 10 (the maximum 
amount of callus observed in this entire study). The amount of 
callus formed per cutting was not measured precisely, and these data 
are based on a somewhat rough scoring method that was developed 
during the progress of the studies. The score value 10 indicates that 
the region of the cutting considered (top or base) was about half 
covered with thick, apparently vigorous callus. 



Table 1. — Numerical values for pushing of roots and for growth of callus of apple cuttings 
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Besides the experiments with both flowing gas and seven different 
maintained temperatures, several experiments were carried out with 
other treatments. The results of some of these additional experi- 
ments are given hereinafter in Tables 3, 4, and 5. Table 3 presents 
the numerical results of experiments 17, 18, and 19, with maintained 
temperatures but without flowing gas. These results are arranged 
like those in Table 1 except that values for lenticel callus-formation 
are here included. The latter values are based on a scale of 10 like 
those for top and base callus formation. Table 4 gives the rooting 
score values from experiments 20 to 23, with different treatments, 
conducted in a series of four chambers and in the laboratory dark 
room. In two other dark-room experiments, sealed chambers of 
different capacities were used, the chambers of experiment 24 being 
filled with air and those of experiment 25 being filled with oxygen 
at the start. The numerical values for rooting and callusing from 
these experiments are given in Table 5, on a scale of 10, just as in 
Tables 1,2, and 3. 

The data given in the tables will be generally discussed with refer- 
ence to temperature graphs that have been drawn to represent each 
series. 

ROOTING OF APPUS CUTTINGS 

Experiments with Flowing Gas and Seven Different Maintained 

Temperatures 

This section deals with the data given in Table 1 and with the 
corresponding graphs. (In all the charts, figs. 1 to 17, the numbers 
on the ordinate indi- 
cate relative degrees 
of rooting or callus- 6 
ing on a scale of 10.) 

Experiment 1, started * 

November 8, 1926, 
gave what appears 
to be the usual form 
of temperature curve 
for growth , with min- * 0 
imum about 8° O. 

rkT« Kirrlwvr movimum Figure 1.— Rooting of apple cuttings in closed chambers: 1R, in 
or mgner, maximum flowing oxvgen; 21t, in flowing air 

about 39° or lower, 

and optimum about 28°. (Fig. 1.) These cuttings were well supplied 
with water-saturated oxygen, and the bases were not covered by 
water, for the cotton on which they rested was not nearly saturated. 
It is possible, however, that some water was absorbed from the damp 
cotton. Experiment 2 (fig. 1), started November 23, 1926, was like 
experiment 1, except that air instead of oxygen was continually 
supplied. The temperature maximum here is indicated as below’ 
41°, and it may have been about 39° or lower, as in experiment 1. 
The optimum for experiment 2 is not so clearly shown as that for 
experiment 1, but it may have been about the same temperature as 
that for experiment 1 or somewhat higher. Experiment 2 differed 
from experiment 1, however, with respect to the minimum, which 
appears to have been above 18°, perhaps even about 20°. No 
explanation of this difference is apparent, for it seems hardly probable 
that the lower oxygen supply of the second series could have retarded 
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root pushing for the lower temperatures without showing a still more 
marked retardation for the higher ones. The dates are nearly the 
same for the two experiments, and seasonal differences can hardly be 
considered as explaining the observed differences. 

Experiments 3 and 4 (fig. 2) were planned to compare the behavior 
of cuttings with bases surrounded by wet cotton with that of other 
cuttings with bases in water-saturated air, both series being otherwise 
alike, continually supplied with flowing air. It appears that the wet 
cotton wrappings at the bases of the cuttings retarded the pushing 
of the roots (fig. 2, 3R), for no roots emerged except at temperatures 
about 30° and 35° C. ; furthermore, emerging roots were here confined 
to the upper half of the cuttings, and the amount of root growth was 

noted as very slight. The min- 
imum in this case seems to have 
been above 2(5°, the maximum 
below 40°, and the optimum 
perhaps about 34° or 35°. In 
experiment 4, however, with no 
water films about the bases, the 
growth curve indicated is of 
the usual form, with minimum 
about 18° and maximum below 
40°, while the optimum is indi- 
cated in this case as about 30°, 
though it may have been lower. 
This graph for experiment 4 is 
similar to that for experiment 
2, which had similar conditions. 
It is remarkable that the more 
plentiful oxygen supply of ex- 
periment 1 seems to have accel- 
erated the pushing of roots at 
the lower temperatures, giving 
a much lower apparent mini- 
mum than that shown for experiments 2 and 4. If it be supposed 
that the wet cotton of experiment 3 acted to retard the access of 
oxygen to the cuttings, then it may be significant that this wet- 
cotton treatment appears, when compared with experiment 1, to 
have produced a retardation similar to that of experiments 2 and 4 
but still more pronounced. 

In Figure 3 are presented this comparison between the data for 
experiments 2 and 4 (considered as alike) on the one hand and experi- 
ment 13 on the other, which indicates a pronounced difference that 
may be related to the seasons of the year at which the experiments 
in question were begun. The lower graph of the upper part (2, 4R) 
represents the average of experiments 2 and 4 (November 23 and 
December 7), and the upper graph (13R) represents experiment 13 
(February 26). With respect to external conditions these two graphs 
represent no considerable differences, and the marked difference 
shown seems to have been due to changes that had occurred in the 
twigs themselves between November and March. It appears that 
the optimum temperature was definitely lower (about 24° C.) and 
that the graph was much flatter at the top for the later experiment, 
and also that the minimum was much lower (probably below 10° 



chambers with flowing air; 3K, bases of the cuttings 
resting on w r et cotton; 4U, bases resting on wire stilts 
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and perhaps as low as 9°). The maximum temperature appears to 
be about the same for both seasons (about 40°). 

Experiments 5 and G (fig. 4) were characterized by a low oxygen 
content in the flowing gas (5 per cent of oxygen and 95 per cent of 
nitrogen) and were planned to bring out a comparison between rapid 
and slow flow, the rate of flow for the gas mixture being only one- 
sixth as rapid for experiment 6 as for experiment 5. The oxygen 
supply for experiment 5 was lower than that for experiments 2, 3, 
and 4 (with flowing air) and much lower than that for experiment 1 
(with flowing oxygen). 

The graphs of ex peri- /0 
ments 5 and G agree 
very closely. Appar- 
ently these two sets a 

of conditions were too 
nearly alike to bring 6 

out significant differ- 
ences in the pushing of 
the roots. Only with 
respect to the maxi- 
mum temperature do z 

these graphs disagree, 
and it is to be noted o 
that, although no push- * 
ing was observed at 
about 33° C. in experi- 6 

ment G, yet the amount 
of pushing for this tern- 4 - 
perature in the other 
experiment was very 
small. If the tw o series 
are considered together, 
the minimum may be 0 
estimated as above 14°, 
the maximum as about 



34°, and the optimum 
as about 24° to 2G°. 
Apparently the low r eon- 


Fkjuhe 3.-- Upper portion: Seasonal differences in the moling 
of apple cuttings in closed chambers with flowing air. Lower 
portion: Hooting of apple cuttings in closed chambers with 
different flowing gases, experiments 2 and 4 , air; 5 and fi, 5 per 
cent oxygen in nitrogen; 7, oxygen 


centra tion of oxygen 

here acted chiefly to reduce the index values for the supra-optimal 
temperatures arid to shift the maximum toward the left. 

Experiment 7 (fig. 3, lower part; fig. 5, upper part) resembled 
experiment 1, hut the cuttings of the later series were entirely sur- 
rounded by moist gas (being supported on wire stilts) while those of 
the earlier series rested on damp cotton. The two experiments agree 
in respect to the cardinal temperatures (about 8°, 28°, 39° C.), but 
the values for rooting are higher for experiment 1 in the intermediate 
suboptimal temperature range. It is not easy to relate this difference 
to the seasonal difference between these two series, for it is in the 


opposite direction from that shown between experiments 2 and 4 on 
the one hand and experiment 13 on the other. Experiments 2, 4, 
and 13 were with flowing air, while experiments 1 and 7 were with 
flowing oxygen, but this circumstance dan hardly give a clue to an 
explanation of the observed difference between the results of the two 
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series. It is suggested that the difference between the graphs for 
experiments 1 and 7 may be related to water supply, for the cuttings 
of the earlier series rested on damp cotton, whereas those of the later 
series were entirely surrounded by moist gas, as has been noted. How- 
ever, the remarkable similarity of the graphs for experiments 2 and 4 

render such an explana- 

& - • tion at least doubtful, 

unless the difference 
I \ x between flowing air and 

6 - IrTTrI \ flowing oxygen is con- 

hwJll sidered as influential in 

J \ this respect, for the 

* " 7 \ cuttings of experiment 

\ 2 had the same mois- 

2 „ 1 ture treatment as those 

/ \ of experiment 1, and the 

" / \* cuttings of experiment 

O- l f . , 1 , — r l ^ ' t^ i — i — 4— 4 had the same mois- 

/ v* ture treatment as those 

& l * of experiment 7. The 

I ^ difference between the 

6 _ / p__o — q | graphs for experiments 

j f \\ 1 and 7 were related to 

j \l unknown conditions. 

4- - • Experiments 8 and 9 

/ \ (fig. 6, upper part) were 

/ 1 5T 1 \ alike except for prelim- 

2 “ |5B1 j \ inary water treatment, 

•' J \ both having flowing air. 

/o I X I ] I \L For experiment 8 the 

' T ' 1 ‘ \ ' T ’ ^ cuttings had been first 

& " p \ injected and then com- 

/ \ pletely submerged in 

IfaBl \ water for 22 hours. 

/ ^ For experiment 9 they 

/ y \ • had not been injected, 

4 . I ( \ \ and only the bases 

J I \ \ had been submerged 

/ I R \ during a soaking period 

2 - / « t6Tl of 22 hours. It is 

7 \\ clear that the more 

^ \ S\ x I I I N)L abundant water treat- 
OLJ Z r ' x * ■ - • » 1 ' • > • ^ ment in experiment 8 

greatly retarded the 

Figure 4.— Rooting (5, 6 R), top-callus formation (5T, 6T), and base- Pushing of TOOtS and 
(SB, 6B) of apple cuttings in closed chambers in COmpletelv inhibited 
a flowmg-gas mixture of S per cent oxygen in nitrogen. Experiment imu ^ lcu 

5, 300 c. c. gas per hour; experiment 6 , 60 c. c. per hour it IOr temperatures 

_ . above about 24° C. 

I he graph for experiment 9 has a very flat-topped form, indicating 
a broad range of approximately optimal temperatures. An optimum 
temperature m this case can not be estimated; it is represented by a 
range from about 14° to 34° C. No minimum temperature was 
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reached, but it must be estimated as probably as low as 8° or 9°, 
and the maximum was about 39°. 

The exceptionally broad optimal range shown by the values from 
experiment 9 suggests that some special preliminary water treatment 
may be regarded as beneficial, although it must not be too extensive. 
Experiments 10, 11, and 12 (fig. 7, upper part), the last two being 
duplicates, gave graphs essentially much like that for experiment 9 
and appear to support this suggestion. All had preliminary water 
treatment, and the optimal range seems to have extended from about 
16° to about 29° C., if the results of the three tests are combined. 
Soaking alone (experiment 10) gave the broader optimal range, while 
an injection at the beginning of soaking seems to have narrowed this 
range somewhat at both ends. Experiments 9, 10, 11, and 12 appear 
to show that rooting in February was not much influenced by tem- 
perature differences between about 16° and 33° when some extra 
water was added to the 


tissues by preliminary 
water treatment. But 
the data from experi- 
ment 8 indicate, as has 
been said, that such 
preliminary water treat- 
ment may be excessive, 
resulting in a pro- 
n o u n c e d retardation 
and even in a complete 
inhibition of the push- 
ing of roots. It may be 
that the internal water 
supply was somewhat 
inadequate in the cut- 
tings used at that 
time, unless preliminary 
water treatment had 



Figure 5.- Rooting (7R), top-cafllus formation (7T). and base- 
callus formation (7B) of apple cuttings in closed chambers with 
ilowing oxygen 


been given. The retarding action of excessive preliminary treatment 
with water may have been due to a water plugging of air spaces in the 
tissues of the cuttings, this plugging perhaps operating to retard the 
supply of oxygen to the root primordia. 

The growth values for the optimal temperatures were very high 
(9) in these experiments, as well as in experiment 9. As to the indica- 
tions regarding the minimum and maximum temperatures, experi- 
ments 9, 10, 11, and 12 suggest a low minimum, hardly above 8° or 
9° C., while they agree very well in indicating a maximum of about 
38° to 39°. 


Experiments 13, 14, 15, and 16 (figs. 8 and 9) were all carried out at 
the same time, beginning February 26, 1927, and all had the same gas 
treatment (flowing air). They were planned to throw more light on 
the relation of root pushing to preliminary water treatment. The 
cuttings of experiment 13 were without such treatment, while those 
of the remaining tests received different water treatments. If the 
graph of experiment 13 is employed as a standard for comparison, the 
graphs of Figure 8 indicate that the optimal range was markedly 
widened by completely soaking the cuttings one hour at the start of 
the test. This range and the form of the temperature graph were 
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not markedly altered from those shown for experiment 13 by a pre- 
liminary soaking of the bases of the cuttings for 24 hours (experi- 
ment 15). and the range w r as much shortened and the graph was also 
much depressed (for the supra-optimal temperatures) when the bases 
were soaked for a preliminary period of 48 hours (experiment 16). 

It appears that these cuttings, made February 26, were greatly im- 
proved with regard to rooting at suboptimal and supra-optimal tem- 
peratures (with flowing, water-saturated air) if they had been given 
the preliminary w r ater treatment of experiment 14, that they were not 
seriously affected by the treatment of experiment 15, but that the 
water treatment of experiment 16 was markedly excessive (with conse- 
quent retardation) for 
temperatures above 
about 26° C. These 
tests seem to strengthen 
the suggestion derived 
from experiments 8 to 
12. When the soaking 
at the bases of the cut- 
tings was limited to a 
period of 24 hours, it 
appears that the favor- 
able influence of prelim- 
inary soaking (perhaps 
due to a resulting in- 
creased water content 
of the cuttings) nearly 
offset a concomitant 
unfavorable influence 
(perhaps related to de- 
creased oxygen supply), 
but that when soaking 
was prolonged to 48 
hours the unfavorable 
influence greatly pre- 
dominated, especially 
for supra-optimal tem- 
peratures. 

The results of these 
last four experiments 
agree in general with 
. . . those of experiments 9, 

10, 11, and 12, in showing very high values (10) for the indices of root- 
ing activity. They also agree in indicating low minimal temperature 
values (below 8° C. for experiment 14) and in indicating a tempera- 
ture maximum about 38° (except for experiment 16, with excessive 
preliminary water treatment, for which the temperature maximum 
appears to have been in the vicinity of 33°). 

In addition to the numerical data* taken from line 15 of Table 1, and 
represented by the upper line of the upper portion of Figure 10* the 
lower line! (4r) of the same figure shows an estimate of the actual tem- 
perature curve of root pushing based upon additional observations 
m&e at the completion oi experiment 14. It was noted that the 
laigest number of roots per cutting and the greatest growth in length 



Figure 6. — Rooting (8R, 9R), top-callus formation (9T), and 
base-callus formation (9B) of apple cuttings in closed chambers 
with flowing air. The cuttings of experiment 8 were injected 
with water and remained completely immersed for 22 hours, 
while those of experiment 9 were soaked in water (bases only) 
for same length of time 
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occurred at about 23.7° C. and at about 28.7°. At these tempera- 
tures almost every available primordium was observed to be pushing, 
and roots 2 or 3 cm. in length were evident in many cases. The same 
amount of root growth was evident for 23.7° and for 28.7°, but roots 
were fewer and shorter at a temperature of 32.8° and at temperatures 
of 20.3° and lower; however, as has been stated, some root growth 
was observed on nearly every cutting. Similar qualitative estimates 


on number of roots per 
cutting and average root 
length were made at the 
completion of experi- 
ment 9 (bases soaked 22 
hours) and experiments 
10, 11, and 12 (bases 
soaked 19 hours). In all 
of these five experiments 
it was observed that 
the amount of growth in 
length as well as the pro- 
portion of available pri- 
mordia that had pushed 
seemed to be the same at 
about 24° and about 29°. 

Although no cuttings 
were tested at tempera- 
tures below 12° C. in 
experiment 14, the graph 
for this experiment (fig. 
10, 14r) is extended to 
the zero line at 9°, for 
while every cutting sub- 
jected to a temperature 
of about 12° showed some 
root activity, such activ- 
ity was so slight as to 
indicate that the zero 
point for discernible root 
growth within 10 days 
was not far from 9°. 





It is possible from these 
10 experiments to assign 
41° C. as the upper tem- 
perature limit at and 


Fi<;i t kk 7.— Rooting (10R, 11, 12K), top-cullu.$ formation (10T, 11, 
12T), and hnst'-callus formation (10B, 11, 12B) of apple cuttings 
in closed chambers with flowing air. FAperiment 10, bases of 
cuttings soaked 19 hours; experiments 11 and 12, bases injected 
with water and soaked 19 hours 


beyond which no root pushing took place, but no definite minimum 
is apparent. Although the number of roots per cutting was small 
and the growth in length was very slight, nevertheless a very slow 
growth rather than the complete stopping of growth seemed to be 
indicated for the lowest temperatures tested. In fact, subsequent 
results showed that the absolute minimum temperature for push- 
ing of roots was below 4.5°. Branches from 1 to 2.5 meters 
long were cut from the tree on February 23 and were placed with 
then* bases in water, and when these were examined May 14 they 
showed a very slight amount of pushing by almost every avail- 


60854 — 29 2 




98 


Journal of Agricultural Research 


Vol. 39, No. 2 


able priinordium except those actually in the water. Never- 
theless, growth of buds seemed to have been entirely stopped at this 
temperature. 

A comparison of the graph of experiment 13 with the corresponding 
one of experiments 2 and 4 (see fig. 3) indicates, as has been noted, 

that the results of the 
later series differed 
from those of the earlier 
ones by showing a much 
greater rooting activity 
for the maintained 
temperatures below 
about 30° C. This ap- 
parent seasonal relation 
(perhaps due to differ- 
ences in what may be 
termed the physiologi- 
cal maturity of the root 
primordia and their 
surrounding tissues ) 

seems to have resulted 
(1) in shifting the later 
optimal temperature 
(experiment 13) down- 
ward on the tempera- 
ture scale from about 
30° to about 24°, (2) in shifting the minimum temperature in a similar 
manner (from about 18° to 8° or 9°, or lower), and (3) in markedly 
raising the index values for all temperatures below the supra- 
optimal temperatures. 

Summary of Results of Experiments 1 to 16 

The main numerical results of the several series are brought to- 
gether for convenient comparison in Table 2, which is arranged to 
bring out the relations with regard to the degree of rooting for main- 
tained temperatures near the optimum and with regard to the water 
treatment. 

The later series, beginning on or after February 3, all gave very 
high values for the index of rooting (9 or 10) for the optimum tem- 
perature, with the single exception of experiment 8, the cuttings of 
which apparently had had excessive preliminary treatment with 
water. None of the earlier series gave index values higher than 8, 
no matter what the treatment. On the other hand, none of the 
earlier series gave these values lower than 6, except when the bases 
of the cuttings rested on wet cotton (experiment 3, with index value 
of 5). While this evidence is not very pronounced, it suggests that 
these cuttings had a somewhat greater tendency to root, under the 
range of conditions tested, in the latter part of the season than they 
had in the earlier part. 



no water treatment; experiment 14, material completely soaked 1 
hour; experiment 15, bases soaked 24 hours; experiment 16, bases 
soaked 48 hours 
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It is also apparent from Table 2 that preliminary water treatment 
tended to lower the temperature minimum and to extend the optimal 
temperature range. Although it can not be definitely stated from 
these preliminary data, it seems to be indicated that the temperature 
minimum and the optimal temperature range were somehow partially 
determined by the water relations, being also influenced, perhaps, by 
internal conditions that were innate in the cuttings themselves at 
the beginning of a test, conditions connoted by the vague expression 
‘'maturity of tissues.” The relative intensity of rooting, mentioned 
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FifiUHK 9. — Top-callus formation (13T, 14T, l.VT, and 1GT) and 
base-callus formation (13B, 14B, 15B, and 1GB) of apple cuttings 
in closed chambers with flowing air and with diuerent water 
treatments: Experiment 13, no water treatment; experiment 14, 
material completely soaked 1 hour; experiment 15, bases soaked 
24 hours; experiment 16, bases soaked 48 hours 


just above, seems to 
have been influenced 
by maturity. The opti- 
mum temperature for 
rooting can not be fixed 
from the data at hand, 
though it is probably 
safe to guess that it lay 
generally in the vicinity 
of 26° to 28° C., except 
in some cases where 
special treatment had 
been applied to the cut- 
tings. With the excep- 
tion of excessively wet 
cuttings and those in 
experiments 5 and 0, 
which were subjected to 
low concentrations of 
oxygen, it seems that 
the maximum temper- 
ature was about 39°, 
and this did not appear 
to alter with maturity 
or w T ith the season of 
the year. 

Independently of any 
effect brought about by 
water content, experi- 
ments 5 and 6 show 
that low supplies of 


oxygen may change the 
curve of rooting at optimal and supra-optimal temperatures with- 
out materially affecting the curve at sub-optimal temperatures. 
Further effects of low supplies of oxygen, especially at the higher 
temperatures, were apparent in experiments 8, 10, 15, and 16, where 
probably a considerable part of the residual air of the cuttings had 
been replaced by water. In such cases it seems that the oxygen 
supply and the temperature were very closely related; the higher the 
temperature the greater the supply of oxygen required for optimum 
growth. 

As is shown by the graphs, in none of the experiments in which 
gas was flowing through the chambers did it seem to be indicated 
that large amounts or high pressures of oxygen had exerted any 
retardation upon the rooting of the apple cuttings. On the other 




July 15, 1929 


Rooting and Callusing in Apple and Willow 


101 


hand, the use of flowing oxygen did not seem to show any particular 
advantage over flowing air in the rooting of these cuttings. Thus 
from these experiments the use of partial pressures of oxygen higher 
than that in air with a total pressure of 1 atmosphere does not seem 
to be desirable. 

CALLUSING OF APPLE CUTTINGS 


In spite of the conclusion that callusing is not as important in the 
rooting of cuttings as it is commonly considered, studies regarding 
callus formation are likely to prove of importance, especially for such 
light as they may shed 
upon the callusing of 
grafts . In p r a c t i c a 1 
horticulture, at least 
two very important de- 
siderata are here sug- 
gested : (1) The produc- 
tion of sufficient callus 
to make a mechanically 
and p h y s i o logical! y 
satisfactory union, and, 

(2) the prevention of 
such callus overgrowths 
at the union as are fre- 
quently confused with 
the galls brought about 
by the crown-gall organ- 
ism, Bade ri u m t u m e - 
jaciens S. and T. 

Records of callus 
formation w e r e n o t 
made for the interme- 
diate temperatures o f 
experiments 1 and 2. 

In experiment 3 (Table 
1), with flowing air 
and bases of cuttings 
on wet cotton, there 
was practically no cal- 
lus formation either at 
bases or tops, and the 
very slight call using 
observed occurred at the tops of 3 of the 10 cuttings with main- 
tained temperature of 30.3° C. In experiment 4, however (Table 
1), which was like experiment 3 except that wire stilts were used 
instead of wet cotton, there was pronounced callusing at inter- 
mediate temperatures, and the graph of callus formation in this 
series (fig. 2, 4BT) has the form of growth-temperature curves in 
general. No differences between top callus and base callus were 
observed in this case, although such differences were shown for all 
the subsequent experiments with apple cuttings, as will be seen from 
the tabulated data. The graph indicates an optimum temperature 
* about 26° C. and minimum and maximum temperatures of about 
18 and 40°, respectively. On comparing, this callus graph with the 
corresponding graph for rooting (fig. 2, 4R), it is seen that the two are 



<7£-/V7Yt 

Fi ure 10. Upper portion: Hooting of apple cuttings in closed 
chambers with (lowing air. the cuttings having been preliminar- 
ily .soaked one hour; 14R, the numerical results of experiment 14; 
Hr, estimated curve of actual rooting, based on experiment 14 
and additional observations. Lower portion: Rooting of apple 
cuttings in sealed chambers filled with air, equal parts oxygen 
and nitrogen, or with 10 per cent oxygen in nitrogen, at the start 
of the test, no more interchange of gas taking place 
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very similar in form as well as in height, although it appears that the 
optimum temperature was somewhat higher for rooting than for 
call using; but the rooting optimum shown for this experiment is 
unusually high for such optima. 

That callus was plentifully formed at the intermediate tempera- 
tures in experiment 4 but was practically inhibited at all temperatures 
in experiment 3 suggests that this apparent inhibition may have been 
due to excess of water about the cutting bases in the latter case. 
An extra experiment was carried out with but a single temperature 
(27° C.), which showed that callus formation might be secured in 
spite of the presence of wet cotton about the bases of the cuttings. 
In this case there were four treatments, all with wet cotton at the 
bases but differing with respect to the rate of air movement through 
the bottles. The most rapid air flow was like that of experiment 3 
(300 c. c. per hour), and the other rates were progressively lower 
(50, 20, and 10 c. c. per hour, respectively). 

As in experiment 3, no base callus was observed with any of these 
four treatments, and top callus was extremely meager and practically 
negligible for the higher rates of air flow. However, it seems signifi- 
cant that the two tests with slowest air flow (20 and 10 c. e. per 
hour) showed top callus unquestionably more in evidence than it 
was in the cases where air flow was more rapid. Seven out of 10 
cuttings showed small amounts of top callus in each of these cases. 
This extra experiment suggests that the retardation of top callus 
indicated by the results of experiment 3 might be offset to some ex- 
tent with slower air change than was employed in experiment 3. 
Such a relation between callusing and rate of air flow might con- 
ceivably be due to differences in the evaporating power of the air 
corresponding to the different rates of flow, but this seems unlikely, 
since the air was practically saturated with water vapor in all these 
tests. It is suggested that the differences in top-callus formation 
here in question may have been due to differences in the oxygen 
supply corresponding to the differences in rate of flow. According to 
such a supposition, in support of which additional evidence will be 
given below, the extreme retardation in top-callus formation shown 
by the results of experiment 3 and by those of these two special tests 
with relatively high rates of air flow, may be regarded as due to too- 
rapid supply of oxygen. When air was supplied at a very slow rate 
(20 or 10 c. c. per hour), top callus developed much better than when 
the rate was more rapid (50 or 300 c. c. per hour). Other a priori 
considerations would require attention, however, if the interesting 
question thus raised were to be seriously studied. For an example 
of such considerations, products given off by the cuttings or by 
microorganisms might be more rapidly removed from the bottles 
with more rapid air renewal than from those with slower flow. 

Perhaps the following statement may express the indications from 
experiments 3 and 4 and from the extra series: It appears that an 
excess of water about the bases of the cuttings inhibited callus forma- 
tion at the bases and greatly retarded it at the tops, even for main- 
tained temperatures in the optimal range, but that this retardation 
tended to disappear when the oxygen supply was much lower than 
in experiment 3. 

In experiments 5 and 6 (Table 1) callusing was very active at both 
base and top for intermediate temperatures. It was about 33 per 
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cent less active at top than at base in the optimal temperature range. 
Graphs for the callus values from these two experiments are shown 
in Figure 4. In these cases the flowing gas was a mixture of oxygen 
(5 per cent) and nitrogen (95 per cent), and the rate of flow was 
more rapid (300 c. c. per hour) in experiment 5 than in experiment 6 
(50 c. c. per hour). The minimum and maximum temperatures 
appear to have been about 13° and 38° for top callus, and the optimum 
with the slower flow of gas is indicated as about 28° for both base 
and top. In their optimal ranges the graphs for rapid gas flow are 
much flatter across the top than are the graphs for slow flow. Of the 
two rates of oxygen supply here tested, the more rapid rate produced 
more callus for sub-optimal and supra-optimal temperatures than 
did the slower rate, and it is therefore possible that a still more rapid 
rate of flow might have given an optimal range extending somewhat 
farther to the right, since the optimum rate of oxygen supply should 
be greater for the upper portion of the temperature ran^e dealt with 
than for the lower portion. It is remarkable that a definite temper- 
ature optimum is not shown by either graph of experiment 5, although 
optima (about 28°) are clearly indicated by both graphs of experi- 
ment 6. From the results for 32.8°, it seems as if callusing at both 
top and base may be retarded by insufficient oxygen supply. 

A comparison of call using with rooting in experiments 5 and 6 
indicates that the optimum and maximum temperatures were lower 
for rooting than for callusing. It is suggested that the minimum rate 
of oxygen supply necessary for rooting is significantly higher than the 
corresponding minimum rate for callusing. 

Experiment 7 (fig. 5) with flowing oxygen gave more base callus 
than top callus, but callus formation was markedly retarded at all 
temperatures tested, as compared with the results of experiments 4, 5, 
and (). From experiment 7 the highest score value for callusing is 3 
(temperature about 30°) while the corresponding best callus score for 
experiment 4 is 5 (temperature about 26°) and for both experiments 5 
and G it is 9 (temperature about 23° to 29°). A reason for this may 
be that in experiment 7 the oxygen supply was too great for excellent 
callusing at any temperature employed. It seems to be significant 
that the high oxygen supply of this test gave less callusing about the 
optimum temperature than was shown in any of the other experi- 
ments. It appears as though, for optimal temperatures and ade- 
quate moisture conditions, callus formation may differ from rooting 
by not requiring so much oxygen, and also by requiring an actually 
lower supply of oxygen. In other words, the lower limit of the range 
of oxygen supply that permits best growth may be lower for callusing 
than for rooting, and the extent of this range (from its lower to its 
upper limit) may be shorter for callusing than for rooting. 

Experiments 8 and 9 in which flowing air was used were alike except 
for preliminary water treatment. The cuttings of experiment 8 had 
been injected with water and then completely submerged for 22 hours, 
whereas those of experiment 9 had not been injected, and only their 
bases had been submerged for the 22-hour period. No callusing was 
observed in experiment 8, but good callus formation occurred at the 
optimal temperatures in experiment 9 (fig. 6), which gave a maximum 
callus score of 6 (temperature about 29°. ) From these two com- 
parative tests it appears that excessive preliminary water treatment 
greatly retarded rooting and completely inhibited callusing. 
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The graph of callusing for experiment 9 (fig. 6) is in general typical, 
showing a marked tendency for base callus to surpass top callus. 
The minimum temperature is shown as somewhat lower for base 
callus (about 14°) than for top callus (about 18°), the maximum 
temperature is the same for both base and top callus (about 39°), and 
the optimal region extends from about 25° to about 30°. The 
treatment of experiment 9 seems to have been very good for both 
rooting and callusing, but not so good for callusing as were the treat- 
ments of experiments 5 and G. 

Experiments 10, 11, and 12, the last two being duplicates and all 
three having flowing air, constitute another test of the influence of 
preliminary water treatment along the subsequent gas treatment of 
flowing air. The cuttings of experiment 10 had their bases soaked 
19 hours, while those of experiments 11 and 12 had their bases first 
injected with water and then soaked 19 hours. The graphs of these 
data are shown in Figure 7. It is not clear that any significant differ- 
ence was brought out. As in the case of rooting in the same experi- 
ments, both treatments appear to have been good. The usual dif- 
ference between top and base callus is brought out for both of these 
water treatments, and the temperature optimum for callusing is 
shown as about 29° for both treatments. 

Experiments 13, 14, 15, and 16 were planned to obtain further 
evidence on the effect of preliminary water treatment on callusing as 
well as on rooting. The data for callus formation are presented 
graphically in Figure 9, and may be compared with those for rooting 
shown in Figure 8. The four treatments, all with flowing air, were 
as follows: Without preliminary water treatment (experiment 13); 
cuttings completely submerged in water for 1 hour (experiment 14); 
bases soaked in water for 24 hours (experiment 15); bases soaked in 
water for 48 hours (experiment 16). Although the evidence is not as 
clear as it might have been had this series been repeated several times 
so that averages could be secured, yet a study of Figure 9 indicates 
that in general both base and top callus were markedly decreased by 
soaking and that the retarding effect upon callusing seemed to be at 
least roughly proportional to the amount of soaking. 

Excessive preliminary water treatment is again shown to diminish 
callus formation at each temperature within the total temperature 
range, without shifting of the optimum temperature. For rooting 
(fig. 8) the treatment of experiment 14 was clearly better than that of 
experiment 13, the standard treatment. The same difference was 
noted for callusing, but in the opposite direction. It seems to be 
indicated that while certain preliminary water treatments were 
beneficial for rooting, callusing was retarded, even by comparatively 
moderate water treatments, and this is spite of the indications already 
referred to showing that low oxygen supply (quite obviously associated 
with high water supply) favors callusing. 

The excessive preliminary water treatments tested (experiments 15 
and 16) showed retardation with respect to both rooting and callusing, 
but this effect was much more pronounced in the case of callusing. 

In these experiments, as is true in general, base callus tended to be 
somewhat more pronounced than top callus when both were vigorous. 
But experiments 15 and 16, with excessive preliminary water treat- 
ments and low values for callus throughout, showed top callus sur- 
passing base callus for the maintained temperature about 29° C. It 



105 


July is, 1929 Rooting and Callusing in Apple and Willow 


seems that the extra and excessive water treatment of the bases in 
these two cases retarded callus formation at both top and base, but 
not so pronouncedly at top as at base, where the water was applied. 
Exactly in what way this water treatment acted to retard or inhibit 
callus formation can not be stated. There are some reasons for 
believing that the presumable excess of water supplied to the tissues 
did not operate merely to retard movement of oxygen. The prolonged 
soaking may have removed some materials from the basal tissues, or 
other things may have happened. Almost all the cuttings of experi- 
ment 3, which had their bases surrounded by water (wet cotton) 
throughout the entire experiment period, failed to produce any callus 
at either base or top. The base of each cutting was subjected to 
continuous soaking, more prolonged than in the case of experiments 

15 and 16. On the whole, the retardation in callus production 
seemed to vary directly with the length of the soaking periods, as 
has been noted. 

Summary of Results of Experiments 1 to 16 

The main numerical results of callusing, especially with regard to 
the cardinal temperatures, are summarized in Table 2 along with the 
corresponding data for rooting. The minimum temperature for 
callusing w as several degrees higher than the minimum for rooting. 
In the case of rooting some activity was observed at the lowest tem- 
perature in every experiment started after the middle of January, 
but in the case of top and base callusing the cuttings used in the 

16 experiments gave no evidence of activity at the lowest tempera- 
tures. 

The minimum temperature for base-callus formation was not far 
from 16° C. ; no callus w as observed on cuttings w hen any temperature 
below r 16.2° was used, and the amount of callus that occurred 
at any temperature below 20° had in no case an index value higher 
than 3. 

In most of the experiments the optimum for base-callus formation 
was 29° C. The corresponding optimum for rooting lay between 
26° and 28°; hence the optimum for base callusing w as slightly higher 
than that for rooting. 

Except in experiments 3, 8, 15, and 16, in each of which the cuttings 
had been given some excessive water treatment, the maximum 
temperature for base callusing w r as about 38° C. The maximum 
temperature was about the same for base callusing and rooting. 
Experiments 5 and 6 are exceptions to this, however, for in these 
cases the maximum temperature for rooting was lowered to about 
34°, but no such effect was evident in the case of callusing. These 
exceptions are probably due to the low r oxygen supply in these two 
experiments. The minimum oxygen supply was higher for rooting 
than for callusing. 

In general, base callusing was more pronounced than top callusing, 
and this seems in some measure to have been responsible for the 
narrower temperature range indicated for top callusing. When 
non temperature conditions are considered as not limiting, the appar- 
ent range for top callus is about 20° to 38° C., whereas that for base 
callus is about 16° to 38°. Whether the upper limit of these two 
apparent ranges (38°) is really the upper limit of the absolute range 
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for each process can not be definitely stated, but it seems likely that 
38° is approximately the highest temperature at which any callus 
formation at either end of the cutting would occur, no matter what 
length of period was employed. 

Apparently, no top callusing took place at any temperature below 
20.3° C., and the most that occurred at any temperature below 23° 
is represented by an index value of 4 (experiment 4); thus the mini- 
mum temperature for formation of top callus was not far from 20° in 
these experiments. On the other hand, the minimum for the forma- 
tion of base callus was about 16°. 

The absence of callus on the cuttings of experiment 3 and on those 
at some of the maintained temperatures of experiments 15 and 16 
does not imply that base callus can not ultimately develop when the 
cutting bases are water-logged, for considerable base calliis was 
observed to have formed under water in some long-time experiments 
not here reported. 

The studies of Knight ( 9 ) indicate that callusing was actually favored 
by water in his tests, for he observed more callusing in wet clay soils 
than in drier sandy soils. Knight's observations extended over 
several months rather than a few days, and in these experiments also 
the time factor seems to have played aS important role. The observa- 
tions of Knight seem to be in agreement with those of the present 
writer, if the suggestions be accepted that callusing is greatly retarded, 
but not inhibited by excessive amounts of water, and that the most 
important part played by sand in retarding callusing comes from 
its obviously very much higher oxygen supply. 

Some evidence was secured indicating a seasonal relation of callus- 
ing similar to that shown for rooting (fig. 3) although this relation 
was not seriously studied for either callusing or rooting. For like 
treatments, experiment 13 (begun February 26) gave generally higher 
callus values than did experiment 4 (begun December 7). It appears 
that both rooting and callusing are more vigorous in the spring than 
in the fall, other conditions being similar and favorable, and of course 
the same is known to be true for the pushing of buds in such forms as 
apple. 

No effect of buds upon the rooting or callusing of cuttings was 
observed. It appeared that rooting was confined entirely to the 
primordia visible on the cutting at the time it was taken from the 
tree, and that most of these primordia rooted, irrespective of the 
presence or absence of buds on the cutting. In almost all the tests 
callusing appeared to be closely associated with rooting, with certain 
environmental differences indicated, however, for optimal rooting 
and optimal callusing. A slightly higher temperature, a somewhat 
lower water supply, and a somewhat lower oxygen supply seemed to be 
required for optimal callus formation than for optimal root formation. 

ADDITIONAL EXPERIMENTS ON ROOTING AND CALLUSING OP APPLE CUTTINGS 

Several additional experiments with apple cuttings were performed, 
in some of which gas did not flow continuously through the experiment 
chambers. In these tests, chambers of different sizes or gas mixtures 
with different percentages of oxygen were used, the number of cuttings 
bepg the same in the different chambers of any series. In other cases 
fldpnng air was used, or the air of the chamber was renewed from time 
to time. In some experiments several different maintained temper- 
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atures were employed, and in others the temperature was the same for 
all chambers. Several different water treatments were used. 

Three of these additional experiments (Nos. 17, 18, and 19) were 
performed with temperature series similar to those used in experiments 
1 to 16. For these experiments, sealed chambers of about 1,000 c. c. 
capacity were used. The chambers were filled with a known gas 
mixture when the cuttings were inserted, and there was no gas flow. 
For experiment 17 the gas mixture was half oxygen and half nitrogen, 
for experiment 18 it was ordinary air, and for experiment 19 it was 90 
per cent nitrogen and 10 per cent oxygen. All cuttings were soaked 
for one hour before they were placed in chambers. 

The numerical data from these three experiments are presented in 
Table 3 and are graphically shown in the lower part of Figure 10. 
These results seem to emphasize further the suggestion obtained from 
the experiments with flowing gases: namely, that the oxygen supply 
requisite for optimum rooting or callusing is different for different 
temperatures. With the lowest oxygen supply (the 10 per cent mix- 
ture) the maximum temperature was about 23° C., but for the other 
two gas treatments (21 per cent and 50 per cent oxygen) the maximum 
was about 37°. For the lowest supply of oxygen, the optimum was 
about 17°, and for the two other gas treatments a broad optimal 
range of temperatures is evident, extending as far as 32° for the 50 
per cent mixture. 

Table 3. — Numerical values for pushing of roots and growth of callus of apple 
cuttings in sealed chambers, without flowing gas 
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Four additional experiments (Nos. 20, 21, 22, and 23) involved 
several different water and gas treatments, all carried out in the dark 
room at a temperature of about 19° C. All of these experiments began 
February 5, 1927, and for each one 23 cuttings were used. The 
several treatments and the rooting score values are shown in Table 4. 
It seems to be clearly indicated here, as in the results of experiments 3 
and 8, that any considerable amount of wetting was detrimental to 
root pushing. 
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Table 4. — Effect of water treatment on pushing of apple roots at about 19° C 
[Started on February 5; each test contained 23 cuttings] 


Exper- 

iment 

No. 


i 

Preliminary treat- | 
ment 


Gas treatment 


Roots 
(scale of 
10 ) 


20 

21 

22 

23 


None Flowing, saturated air . 

do j Moist, open air; bases occasionally wetted 

1 'EM,.. .»!»*** 


Soaked 24 hours Flowing, saturated air — 

None Nearly saturated air, changed daily; cuttings immersed 10 minutes 

daily. 


9 

8 

1 


Two other experiments (Nos. 24 and 25) were also conducted in 
the dark room at a temperature of about 19° C., beginning March 4, 
1927. Sealed chambers of different sizes were used, without any 
change of gas during the experiment period. In experiment 24 the 
chambers were originally filled with air, and in experiment 25, with 
oxygen. Twenty-five cuttings were used for each chamber, their 
bases having been soaked 24 hours before the test started. Each 
experiment gave comparisons between five different sizes of chambers. 
The volumes of the chambers and the score values for root pushing 
and for the production of top, base, arid lenticcl callus, as secured at 
the end of the 10-day period, are given in Table 5. 

Table 5. — Numerical values for pushing of roots and for growth of callus in apple 
cuttings in sealed chambers, with different gas mixtures, at a temperature of about 
19° C. 

[Started on March 4; the bases of all cuttings were soaked 24 hours] 



In addition to offering indications as to the supply of oxygen 
necessary for optimum root pushing, these data show (1) that more 
base callus than top callus was formed and (2) that large supplies of 
oxygen had retarded callus formation at both ends of the cutting. 

In experiment 26 (started October 18) the chambers used were 
large-mouthed bottles. The air in one bottle was swept out by 
oxygen, and a rubber bag containing oxygen under slightly more than 
atmospheric pressure was then connected and allowed to remain 
throughout the test; a second bottle was arranged in the same way, 
but oxygen was passed through it for a short period every day; the 
third bottle was filled with air at the start and was left with two small 
openings through which some gas exchange with the external air 
might occur. All cuttings rested with their bases upon damp cotton, 
and all bottles stood on a bench in the greenhouse without intense 
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sunlight. After three weeks all visible primordia had pushed except 
those in the sealed bottle with oxygen; here only a trace of activity 
was observed. It seemed quite evident that lack of oxygen rather 
than surplus of oxygen was responsible for this marked inhibition of 
rooting. 

In two preliminary experiments the apple cuttings in some chambers 
were subjected to carbon dioxide (from a commercial tank) with 
nearly an atmosphere of pressure, while in other chambers the 
cuttings were subjected to nearly pure nitrogen. Both of these 
treatments showed injury as indicated by tissue disintegration in 
the bark and wood, but the cuttings treated with carbon dioxide 
were much more seriously injured than the others. In both cases 
injury was especially pronounced and rapid in the series of cuttings 
which bore leaves. Here, as in those without leaves, injury was 
evident sooner with carbon dioxide than with nitrogen. 

The results of these additional experiments seemed to support the 
general conclusions reached in the main series, namely, that apple 
cuttings have a higher oxygen requirement for rooting than for 
callusing, and that any study of the oxygen supply required for root- 
ing or call using must include special consideration of the tempera- 
ture. The experiments without flowing gas are to be considered as 
only superficial in their indications, because of the fact that the 
nat ure of the gas mixture undoubtedly changed during the experiment 
period and in an unknown manner. The oxygen content must have 
been decreased more or less rapidly through the respiration of the 
cuttings themselves and perhaps to a considerable degree by the 
oxidation occurring on the iron wire used as supports. 

EXPERIMENTS WITH WILLOW CUTTINGS 

The studies on willow cuttings were about equally divided between 
experiments with flowing gases and experiments with sealed chambers. 
The experiments with flowing gases will be considered first. Willow 
cuttings were present in the chambers of the first 12 experiments with 
apple cuttings. 

The numerical results of these 12 experiments on willow are pre- 
sented in Table 6. In addition to the numerical .scores for rooting, 
derived as has been described for the experiments with apple cuttings, 
the results for willow include another value representing rooting 
activity, namely, the average number of roots per cutting evident 
at the end of the experiment. These additional values are given in 
the table in parentheses following the regular score values. Thus 
for experiment 5, for temperatures 20.6°, 23.6°, 28.6°, and 32.8° C., 
the root scores are, respectively, 1, 4, 5, and 5, and the new root 
values (in parentheses) are 0.3, 1.1, 1.7, and 1.0. In the third case, 
for instance, the score 5 indicates that half of the cuttings showed 
some root pushing, and the value 1.7 is the quotient obtained by 
dividing the total number of roots observed by the number of cuttings 
used. 

Table 7 gives the numerical results of an experiment run at the 
same time as experiment 3. Here, however, only one temperature 
was used, and different rates of air supply were compared. These 
results will be considered only as regards callus formation, for rooting 
was similar in this case to that in experiment 3. 



Table 6. — Numerical values for pushing of roots and for growth of callus of willow cuttings 
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* Tb© figures in this column represent the proportion of cuttings that showed some pushing of roots at the end of 10 davs, calculated on the basis of 10. The figures in paren- 
theses show the average number of roots per cutting evident at the end of the 10-day period. 

h The figures in these columns represent the total amount of callus shown bv all the cuttings in each lot (not the number of cuttings that showed some callus), based on an 
arbitrary scale of 10. 

• No observation. 
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Table 7 . — Numerical values for pushing of roots and growth of callus of willow 
cuttings with a maintained temperature of 27° C. and with different rates of 
flowing gas 

[Started on December 7, 1926; all cuttings with wet cottpn around bases] 


Exper- 

iment 

Speed of air flow 

; 

Hoots 

Callus 

1 

Top 

Base 

Lenticel 

A 

1 

800 c. c. per hour ! 

10 

0 

0 

7 

B 

50 c. c. per hour 

10 

2 

0 

t 

C 

20 c. c. per hour 

10 

6 

0 

7 

D 

10 c. c. per hour . 

9 

6 

■ 

1 

7 


Table 8 shows the data from all experimentation with the seven 
different maintained temperatures when flowing gases were not used ; 
each chamber was filled with the gas indicated and then sealed. 
Experiment 7- A is so numbered because it was run at the same time 
as experiment 7. Experiments 13 to 16 were all started February 
26, 1927. 

Table 8. — Numerical values for pushing of roots and for growth of callus of willow 
cuttings with maintained temperatures , without flowing gases 
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Feb. 26 

do 

12. 2 

0 

5 j 5 

16. 2 

1 

8 

8 

20.3 

2 

10 

10 

14 
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°C. 




0 C. 

1 



° C. 




1 C. 

7-A 

Oxygen. 

Jan. 21. 

Stilts.... 

24.8 

3 

1 

3 

29.7 

i * 

2 

2 

33.8 

0 

0 

0 

38.9 

13 

Air. 

Feb. 26. 

do 

23. 7 

3 

10 

10 

28. 7 

2 

8 

9 

32. 8 

1 

5 1 

5 

38.0 

14. 

...do 

...do 

...do 

23.7 

2 

10 

2 

28. 7 

2 

8 

0 

32.8 

1 

6 

0 

38.0 

15 

...do 

...do 

-..do 

23.7 

3 

3 

4 

28.7 

1 

3 

4 

32.8 

0 

0 

0 

38.0 

16.. 

...do 

, 

...do 

...do 

23.7 

4 

3 

4 

28. 7 i 

1 

6 

4 

32.8 

1 

3 J 

4 

38.0 


Table 9 presents the numerical results of all experimentation with 
willow in which the single-chamber constant-temperature apparatus 
was used except those given in Table 7. In none of the experiments 
referred to in Table 9 was flowing gas used; sealed chambers were 
employed in all cases, though in 4 of the 39 tests gas was passed through 
the chamber twice daily. In each of these tests the experiment 
period was seven days. 
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Table 9 . — Numerical values for pushing of roots , for average number of roots per 
cutting , and for growth of callus of willow cuttings , with maintained temperatures 
and with different gas supplies 

[All cuttings were on wire stilts, 51) cuttings in each lot] 


Ex- 

peri- 

ment 

No. 

Date 

started 

Tem- 

per- 

ature 

Prelim- 

inary 

treat- 

ment 

Size 

of 

bottle 

Gas treatment 

Ro 

Cut- 

tings 

rooted 

its 

A ver- 
age 
roots 
per 
cut- 
ting 

Top 

Callus 

Base 

Len- 

ticel 

] 7- A .. . 

1927 

Jan. 8 

° C. 
27 

None 

C. c. 

4, 200 

Air, closed. 

f, 

2. 5 

2 

3 

3 

17-B . 

. .do 

27 

do 

4, 200 

Air, changed twice daily. 

2 

. 7 

5 

fi 

4 

17--C-. 

...do. 

27 

...do 

4, 200 

O 2 , closed 

5 

1.2 

1 

2 

3 

17 I) . 

...do. 

27 

do. _ 

4, 200 

O 2 , changed twice daily 

3 

. 8 

0 

0 

2 

18- A.. 

Jan. 15 

27 

. .do . 

4, 2(H) 

5 per cent O 2 , closed 

0 

.3 

0 

0 

4 

18-B. . 

...do. ... 

27 

- - -do. . 

4, 200 

5 i>er cent O 2 , changed twice 

2 

, 7 

3 

5 

5 

18--C - . 

...do 

27 

.. .do.. .. 

4,200 

daily. 

Nj, closed 

0 

. 1 

0 

0 

1 

18 -D-. 

...do.. 

27 

do. 

4, 200 

N 2 , changed twice daily 

0 

. 2 

0 

0 

2 

19-A.. 

Jan. 22 

27 

...do 

4, 200 

Air, closed .... . ... 

8 

5. 5 

5 

fi 

7 

19-B. . 

...do 

27 

...do. ._ 

4,200 

29 per cent 0?, closed 

7 

3. 7 

5 

fi 

7 

19- C.. 

...do. . ... 

27 

-do. 

4, 2(H) 

38 per cenfcO*, closed 

8 

3. 7 

5 

fi 

7 

19~D__ 

...do 

27 

.do. 

4, 2(H) 

12 per cent Oj, closed . .... 

1 

. 5 

3 

4 

7 

20-A 

Jan. 29 

20. 5 

.do. 

4, 2(H) 

Air, closed 

8 

3. 7 

5 

fi 

7 

20- B . . 

do 

20. 5 

. -do. . . .. 

4, 2(H) 

21 percent Ot, closed ... ... 

9 

3. 3 

5 

fi 

7 

20- C . 

do. . 

20. 5 
20. 5 

; do. 

4, 2(H) 
4, 200 

17.5 per cent O 2 , closed . . 

3 

1.0 

4 

5 

7 

20-D.- 

...do.. 

j. do 

14 per cent O 2 , closed 

1 

! 

4 

7 

21 -A . 

Feb. 5 

29 

-do 

4. 200 

Air, closed .... 

7 

4 ! 9 

1 5 

fi 

7 

21 -B . 

. ...do 

29 

- -do _ 

4, 2(H) 

50 per cent O 2 , closed 

7 

4.4 


fi 1 

7 

21 -C_. 

. . .do. . J 

29 

. . .do 

4, 200 

75 per cent O 2 , closed 

8 

«. 9 

I 4 

5 

7 

22- A .. . 

Feb. 12 I 

29 

| ... do ... . 

5. 400 

Air, closed. . 

6 

3. 7 

! 7 

8 

7 

22-B.. 

...do. 

29 1 

...do. 

4, 2(H) 

do... .. .......... 

5 

3.0 

7 

8 

7 

22 CL. 

...do 

29 | 

...do 

2, 700 

do.. 

2 

.5 

| fi 

7 

7 

22- D.. 

'-..do | 

29 i 

...do. .. . . 

2. 200 

do. . 

3 

. 9 

1 7 

8 

7 

23-A . 

! Feb. 19 | 

29 ! 

Injected .j 

5, 4(H) 

do. 

10 

n.fi 

' 0 

; 3 

7 

23- B . . 

do 1 

29 j 

...do.. 

4,200 

do. 

10 

7.4 

I 0 

2 

7 

23-C . .. 

'.... .do 

29 

. -do - 

1 2,700 

do. ... . 

1 

. 7 

i 0 

T 

7 

23- T) . 

1 do. . . .1 

29 

I . . do. . 

2, 2(H) 


0 

. 5 

0 

0 

7 

24- A . - 

; Feb. 27 j 

29 

1 Dry two 

4,200 

„do 

fi 1 

3. 0 

5 

o 

7 

24-B.. 

...do 

29 

days, 
-..do. ... 

4,200 

50 per cent O 2 , closed 

8 

! fi. fi 

5 

7 

7 

24-0 . . 

i. .do 

29 

...do. 

4, 200 

75 per cent O 2 , closed 

8 

i 7.8 ; 

5 

7 

7 

24-T) . . 

L . -do 

29 

j. . -do. 

4, 2(H) 

O 2 , closed 

9 

i 7. 1 

5 

7 

1 

25- A . . 

Mar. 0 

32 

i None. . . 

4, 200 

Air, closed 

5 

! 2. 9 

9 

10 

7 

25- B.. 

; do 

32 

{...do 

4, 2(H) 

50 i>cr cent O 2 , closed ... 

8 

! o. 7 

9 

10 

7 

25-0.. 

L-.do 

32 

i.do 

4, 2(H) 

75 per cent O 2 , closed 

8 

fi.O 

9 

10 

7 

25-D__ 

...do 

32 

!„ do 

4, 2(H) 

O 2 , closed 

9 

7.0 

9 

10 

7 

20-A . . 

1 Mar. 13 

34. 5 

...do 

4,200 

Air, closed 

1 

. « 

7 

8 

7 

20-B. . 

L-.do 

34.5 

...do 

4, 2(H) 

50 per cent O 2 , closed 

4 

1.9 

7 

8 

7 

20-0 . . 

l.-.do 

34.5 

..-do 

4, 200 

75 j>er cent O 2 , closed 

4 

2. 7 

5 

fi 

7 

20-D.. 

Ldo 

i 

34. 5 

!.._do 

1 

4, 200 

(> 2 , closed 

4 

2.5 

5 

« 

7 


As in the case of the apple data, the results with willow, especially 
those with maintained temperatures and flowing gases, will be dis- 
cussed mainly with reference to the corresponding graphs, Figures 
11 to 17. In those graphs (figs. 15, 16, and 17) in which broken 
lines are used to represent average number of roots per cutting, the 
number representing the greatest average amount of root growth 
observed in any of these 12 experiments (21.2) has been taken as 
equal to 10 on the scale. 

ROOTING OF WILLOW CUTTINGS 

In experiment 1 (fig. 11, 1R), in which flowing oxygen was used, 
the total temperature range employed was much wider than the range 
of rooting, so that of the experiments at the seven temperatures only 
three showed any growth. The graph shows an optimum at 27.7° C., 
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but it may have been several degrees higher or lower. The maximum 
appears to have been about 39° or below, while the minimum tempera- 
ture is indicated as above 15°, probably below 18°. 

In experiment 2 (fig. 11, 2R) the conditions of the test were similar 
to those of experiment 1 in that the bases of the cuttings rested on 
damp cotton, but in this case flowing air was used. The graph for 
experiment 2 shows an optimum at about 26° C., but from the data 
the optimum might just as well have been 28°. The maximum was 
about 40° or below. The 
minimum was slightly 
higher than that shown ^ 
by experiment 1, being 
above 17° or possibly 6 
above 19°. 

In experiment 3 (fig. 

12, 3R) flowing air was 
used, and the bases of 
the cuttings, instead of 
resting on moist cotton, 2 
were surrounded to a 
height of about 5 cm. o 
by wet cotton. This 
additional w ater seems a 
to have produced a 
beneficial effect upon 6 
rooting, so that al- 
though maximum and 
minimum temperatures < 
are indicated as before, 
no definite optimum 
temperature is appar- ^ 
ent ; the entire graph 
between the maximum o 
and the minimum is 



thus raised to the top, 
for every cutting in each 
of the four chambers be- 
tween 22.1° and 35.3° C. 


C^/Vr/GAZA /?AE 

Fjc.ure 11. -Rooting (1R, 2R), top-callus formation (2T), and 
base-callus formation (2R) of willow cuttings in closed cham- 
bers with flowing oxygen (experiment i) or with flowing air 
(experiment 2) 


showed pushing of roots. However, notes on this experiment show 
that among the four temperatures more roots per cutting as well as 
longer roots were present at 30.3° than at 25.5°. With respect to 
these criteria, 22° seemed to be about equal to 35°, but with both the 
latter temperatures less rooting occurred than with 25.5°. Therefore, 
it seems that the additional water treatment of experiment 3 greatly 
increased rooting within the total temperature range, but did not 
appreciably alter the previously observed maximum, optimum, or 
minimum, here seen to be about 39°, 29°, and 18°, respectively. 

Experiment 4 (fig. 12, 4R) was a duplicate of experiment 3, except 
that in experiment 4 the cuttings were supported on wire stilts so 
that no water came in contact with the cuttings. Again there is a 
temperature curve similar to the other curves discussed, with maxi- 
mum and minimum not far from 40° and 18° C., respectively, and 
with an optimum indicated at 25.5°, but which may well have been 
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about 29°. While all cuttings did not root at 30.3°, this temperature 
was here, as in experiment 3, a slightly better one for the subsequent 
growth of the roots that did push than was 25.5°. Although the 
curve is for some unknown reason higher in experiment 4 than in 
experiment 2, still rooting in experiment 4 was much less than that 
observed in experiment 3, where the cuttings quite certainly were 
furnished with some water from the cotton. Apparently the bene- 
ficial effects of the water treatment were greatest at the supra-optimal 
temperatures rather than at the sub-optimal temperatures, as was 
observed in the corresponding experiment for apple rooting. 

In experiments 5 and 6 (fig. 13) all cuttings were on wire stilts, and 
a flowing gas mixture containing 5 per cent oxygen was used. A 

rate of flow of about 
300 c. c. per hour was 
employed in experi- 
ment 6, while a rate of 
about 50 c. c. per hour 
was used in experiment 
5. In marked disagree- 
ment with the corre- 
sponding curve for 
apple rooting (fig. 3), 
the very low oxygen 
supply in experiment 6 
at 33° C. appeared 
ample for good rooting 
in willow. In fact, ex- 
cept for the depression 
at 28°, the graph for 
experiment 6 is not un- 
like the other graphs 
for willow cuttings that 
were subjected to flow- 
ing gases without hav- 
ing been given some 
water treatment. 



Figure 12.— Rooting (3R, 4R), top-callus formation (4T), and base- Another interesting 

callus formation (4B) of willow cuttings in closed chambers Vimiro 

with flowing air: Experiment 3, with the bases of the cuttings point snow ll uy nguit- 
on wet cotton; experiment 4, with the bases on wire stilts. With 13 is the fact that the 
the wetter conditions around the cuttings of experiment 3, only a i j* • . _ 

trace of caiius appeared graph lor experiment 5 

lies wholly below that 

for experiment 6. Supposing that the lots of cuttings for the different 
tests were similar, the most obvious differences between the conditions 
for experiments 5 and 6 are differences in amounts of water vapor 
and oxygen in the corresponding chambers, due to different rates of 
gas flow. It seems unlikely that there was any difference in the 
humidity of the gas about the cuttings in the two experiments. 
There was surely a much larger supply of oxygen in experiment 5 
than in experiment 6, and it is possible that excess of oxygen may 
have slightly retarded rooting in the former experiments. There are, 
however, several possible objections to this suggestion; for example, 
the results of experiment 1 (with flowing oxygen) and of experiment 
4 (with flowing, air) appear to be in disagreement with it. It is pos- 
sible that the presence of the wet cotton in experiment 1 may, in some 
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way, have counteracted unfavorable effects of high oxygen concentra- 
tions. This possibly injurious effect of large supplies of oxygen is also 
suggested in experiment 7 and in some of the experiments listed in 
Tables 8 and 9, in which continuously flowing gases were not used. 
On the basis of the supposition that large supplies of oxygen produce 
an injurious effect upon rooting of willow, it is hard to reconcile the 
results of experiment 4, where large quantities of air were passed 
through the chambers, where no liquid water was supplied the cut- 
tings, and where, never- 
theless, high percent- 
ages of rooting were 
secured. 

In contrast to the cor- 
responding results with 
apple, the willow cut- 
tings in experiment 6 
gave no evidence of ox- 
ygen deficiency at supra- 
op tirn al temperatures ; 
the small amount of 
oxygen here supplied 
seemed to have been 
ample for good root 
growth, even at 32.8° 

C. Except with regard 
to the somewhat ques- 
tionable optima, the 
graphs for experiments 
5 and 6 agree w r ith the 
other graphs for willow r , 
showing maxima near 
38° and minima at 
about 17°. 

The results of experi- 
ment 7, as just men- 
tioned, suggest that a 
large supply of oxygen 
may be detrimental to 
the rooting of willow cut- 
tings. Although the usual maximum of about 38° C. is here indicated, 
experiment 7 (fig. 14, 7R) show T s the only graph obtained in all these 
12 experiments in which the minimum is above 18°; here the minimum 
is about 22°. The optimum (about 25°) is likewise unusual. All 
score values in this experiment are low, which seems to support the 
suggestion that an excess of oxygen may retard rooting in w r illow. 

The striking differences brought out in Figure 14, between the 
results of experiment 1 (flowing oxygen, started November 8) and 
those of experiment 7 (flowing oxygen, started January 21) hardly 
seem to have been the result of seasonal differences in the capacity 
of the cuttings to produce roots. They seem rather to have been 
related either to unlike variability in the two lots of cuttings or to 
differences in water supply; the cuttings ii\ experiment 1 may have 



/<5 . eo 24- 2S 32 36 40 

Figure 13. - Rooting (5R, GR), top-callus formation (5T, GT), 
and base-callus formation (5B, GR) of willow cuttings in 
dosed chambers with flowing 5 per cent oxygen in nitrogen 
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been supplied with sufficient water to counteract any injurious effect 
caused by surplus of oxygen. 

In experiments 8 and 9 (fig. 1 5) the maxima and minima were similar 
to those shown by most of the other willow experiments (about 39° 
and 15° C., respectively). But in these two experiments, as in exper- 
iment 3, where also the cuttings had been treated with water, the 
optima are not clear, for all score values for temperatures below the 
maximum are 10 or only slightly below. Nevertheless, by considering 
the average number of roots per cutting the optima are seen to lie 
in the vicinity of 28°. (The broken lines— marked 8r and 9r in 

fig. 15, lOr in fig. 16, and 
11, 12r in fig. 17 — indi- 
cate the total average 
number of roots per cut- 
ting, the greatest num- 
ber obtained in any of 
these e x p e r i m e n t s — 
21.2 per cutting in 
experiment 1 0 — being 
taken as 10 on the scale 
of ordinates used.) In 
contrast to results ob- 
tained with apple cut- 
tings, willow cuttings 
completely soaked for 22 
hours after a 15-minute 
injection gave decidedly 
higher rooting values 
than cuttings that had 
the bases only soaked 
for 22 hours; the latter 
treatmen t , however, 

FiGURK 14. — Rooting (1R, 7R), top-callus formation (7T), and mn nh hicrVinr 

base-callus formation (7B) of willow cuttings in closed gave mudl Illgmr vaiUCS 

chambers with flowing oxygen. Experiment 1, bases on than 110 Water treatment 
damp cotton; experiment 7, bases on wire stilts . T r 

at all. In iact, these 
willow cuttings were benefited directly in proportion to the intensity 
and length of the water treatment used. The only reason for sup- 
posing that prolonged water treatments at high temperatures may 
have been injurious (as, for example, because of lack of oxygen) 
arises from the fact that a slightly greater number of roots per cut- 
ting were shown by experiment 9, as compared with the number in 
experiment 8, at the highest temperature at which rooting occurred 
(33.7°). Although this difference in number of roots per cutting 
(13.7-9.5) is not large, it is in the direction that might be expected 
from the results with apple; for it seems reasonable to suppose that 
rooting of willow may be retarded by lack of oxygen, even though 
the critical limit lies far below that for rooting of apple. 

The cuttings in experiments 10, 11, and 12 showed more rooting 
than those in the experiments with willow. Of these cuttings, those 
in experiment 10 (fig. 16) were given the longest water treatment and 
showed the greatest root growth. In experiments 11 and 12 (fig. 17) 
the cuttings were’keptMry for one day and then given short, intensive 
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water treatment before being placed in the chambers; thus, whatever 
the total amount of water supplied to the cuttings by the two dif- 
ferent treatments, at the end of the test the cuttings of experiment 10 
had really been under rooting conditions for 10. days, as opposed to 
only 9 days for the others. Those used in experiments 11 and 12 
received essentially iden- 
tical treatments through- 
out, being run as dupli- 
cates in different cham- 
bers at the same tempera- 
tures. 

With respect to maxi- 
mum and optimum tem- 
peratures (about ‘17° and 
20° 0., respectively), the 
results of these three ex- 
periments (Nos. 10, 11, 
and 12) agree closely with 
those of most of the other 
willow tests. But these 
three experiments show 
lower minimum temper- 
atures than any of the 
others with willow. A 
high-score value for root- 
ing was obtained at 16.2°, 
and the minimum temper- 
ature for discernible root 
growth in 10 days lies not 
far from 13°. 

Next to these low min- 
ima obtained in experi- 
ments 10, 1 l,and 12, start- 
ed February 15, the lowest 
temperatures at which 
any rooting occurred were 
in experiments 8 and 9, 
started February 3; these 
experiments showed high- 
rooting values for 17.7° 

C. It is interesting to 
compare these results at 
a temperature of 17.7° in 
the two experiments last 
mentioned with the re- 
sults at a similar temperature in experiment 3 (started December 7). 
The high-score values shown in both cases for other temperatures indi- 
cate that the water treatments used were satisfactory for good growth; 
but at a temperature of 17.8° in December no rooting whatever was 
evident, while at a temperature of 17.7° in February a large propor- 
tion of the cuttings rooted. As with the apple cuttings, it seems 
that some seasonal factor was involved which is evident in the graphs 
only in the vicinity of the minimum. 



Figure 15.— Rooting (8Ii, 9R, Hr, 9r), top-callus formation (8T, 
9T), and base-callus formation (HR, 911) of willow cuttings in 
closed chamber with flowing air. Experiment 8, cuttings in- 
jected with water and completely immersed for 22 hours; ex- 
periment 9, bases of cuttings soaked for 22 hours 




Table 10 . — Summary of results of experiments 1 to 12 in rooting and callusing of willow cuttings 


118 


Journal of Agricultural Research 


Vol. 3ft, No. 2 


bO 

C 

Index 

for 

opti- 

mum 

tem- 

pera- 

ture 

00 

co 


00 

eo »o 

» 

t- i 

QO 

00 

I 

1 

a 

^Oj 

is 

a 

mnuiixBjM 

o 

00 

eo 

8 

8 

55 

o 

2^ 
eo a 

© 

8 

a> S 

l- w 

mtimpdo 

Og 

° 04 

CO 

? 5 } 

CO 

eo 

24-33 

22-25 

26 

o 

22-34 

(«) 

I 

a 

5 

aJ 

P 

O 03 % 

Ud a 2 

gs§ ^ 

-< 

imiuiinrK 

t>I 

© 

© 

© 

O lO 

£ 

00 -T 

© 

00 

bC 

3 

I 

1 

Index 

for 

opti- 

mum 

tem- 

pera- 

ture 

£ 

CO 

eo 

kO 

»© Ok 

eo 

00 © 


kO 

*3 « 

03 i_ 

mnmixepv 

0£ 

8 

ao 

eo 

8 

58 

8 

88 

£ 

8 

1 

.l 

,© 

5 

C3 

P 

If 

uinuipdo 

GT' 

0 w 

8 

8 

23-33 

A 

8 

88 


a 

CJ 

ou-9 tg 
ft 1 © -5 

umraiajj\[ 

o 

CO 


- 

00 1 - 

8 

■»f> eo 

£ 

oo 

bfl 

a 

Index 

for 

ooti- 

I B 2| 
as &S 


N 

eo 

*o 

*o oo 


io ! 


kO 

CO 

§ 

*3 

ZJ 

p. 

£2 

mnunxoj^j 

o> 

eo 

8 

8 

O eo 
-r eo 

£ 


‘O 

CO 

eo 

© 

M 

«5 

"3 

P 

Approximate 
dinal tem 
tures 

mnui^do 

umraiuipv 

Cj£ 

O't 

o s " r " 

»o 

04 

00 

8 

04 

eo 

co 

s 

?3 

13 22-30 

22 31 


R r 

?5 s-* 

8 

8 

8 

I 

04 

b() 

Index 

for 

ODti- 

mum 

tem- 

pera- 

ture 

05 

CO 

*° 

04 

©.- 

© 

© o 

o 

© 

S3 

i 

S2 

°s 

mnui|xojM 

C5 

o 

8 


8 

55 

8 

04 00 

co eo 

© 

8 

k< 

03 

cC 

Approximate 
dinal tem 
tures 

ranmndo 

! 

8 

8 

8 


20-33 

ll 

8 

SI 

8 

c3 

P 

uinuiiuipv 

oP 

o 

S3 

1- 

I'- 

00 1- 

eo 

-t* eo 

OO 

* . 1 




§ 

n fe 

3,3 O 
S.tJ-o 
3* ' 


3 

£ 


|§£ 

|&i 

® 


a 

o . 

°.e 

ig 

J> kO 
*3 


£.5 

2* 
T3 3 
. ® O 
\M - 


*s i 

■ -e cc 


1 05 x 
PQP 


3 

a 

frl 


<rc a 

o 

8 


e 

*8 o 

Is 


f- £3 M5 CO © 

8 ... 

® C? j* a> X5 ,0.0 

H f p a> a> ® 

P& Pm PmPm 


8 . 
P 


04 X5 


Ail 


No observation. k No callus. 



July is, 1929 Rooting and Callusing in Apple and Willow 


119 


Summary of Results of Experiments 1 to 12 

The main numerical results of the experiments with willow cuttings 
in which flowing gases and maintained temperatures were used have 
been brought together in Table 10, as was done for the corresponding 
results with apple cuttings in Table 2. 

The minimum temperature for rooting of willow apparently 
changed from about 18° C. early in the season to about 18° later in the 
season. On the other hand, the maximum temperature seems 
to have been at all times, whatever treatment was employed, about 
88°, that is, about the 


same as that indicated 
for rooting and callus- 
ing of the apple. Ex- 
cept for the suggestion 
offered in experiments 8 
and 9, apparently in 
none of these tests with 
willow did the supply 
of oxygen fall below 
the critical limit, even 
at the higher temper- 
atures. Hence, from 
these particular experi- 
ments little is seen to 
indicate that the sup- 
ply of oxygen necessary 
for rooting was in any 
way dependent upon 
the temperature. H ow- 
ever, from the results 
obtained without flow- 
ing gases, which will 
be considered later, it 
appears that the failure 
of experiments 1 to 12 
to show any definite 
effect of oxygen defi- 
ciency may be explained 
by supposing that the 
oxygen requirement for willow is very low and was satisfactorily met 
in all cases where flowing gases were used. 

On the basis of the rooting scores the optimum temperature is not 
indicated so clearly as are the maximum and minimum, for at all 
temperatures between 20° and 33° C. rooting was very good; judged 
by the average number of roots per cutting, however, the optimum 
temperature was about 29°. 

It should be emphasized that the minimum temperature for visible 
root growth in 10 days was several degrees higher for willow than for 
apple. Although much activity was observed in apple cuttings 
subjected to the lowest temperatures, in every series of willow cuttings 
the lowest temperature employed was too low for rooting. 



willow cuttings in dosed chambers wRh Rowing air and with 
the cuttings injected with water and soaked for 15 hours at the 
start of the test. No top callus formed with this intensive water 
treatment 
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On the other hand, apple and willow were approximately alike in 
respect to their optimum and maximum temperatures. Although 
in these 12 experiments with flowing gases there was no indication 
of oxygen deficiency, the results of experiment 7 (the only experiment 
with flowing oxygen in which water was not available to the cuttings) 
suggested that the use of oxygen with a pressure of about 1 atmos- 
phere (an oxygen excess) may have been instrumental in raising the 





Figure 17.-~Rooting (11, 12R; 11, 12r) and bavse-callus formation 
(11, 1213) of willow cuttings in closed chambers with flowing air. 


minimum temperature 
as well as in greatly 
decreasing the index 
values for all tempera- 
tures at w r hich rooting 
occurred. 

In regard to water 
supply, the results indi- 
cate that the more in- 
tense or prolonged the 
water treatment the 
greater was the root- 
ing response. In this 
respect willow cuttings 
were v cry d i ff e r e n l 
from apple ; some water 
treatments were highly 
beneficial for the rooting 
of apple cuttings, but 
more prolonged treat- 
ments were injurious. 

In the experiments 
with willow no evidence 
was secured in support 
of the supposition that 
the presence of buds ex- 
erts any direct influence, 


the cuttings having been injected with water after 22 hours of dry- \ VirmitrL Imrmnnoc 

ing. No top callus formed with this treatment tul "V 1 

upon root pushing. In- 
asmuch as all of the willow cuttings bore buds, these experiments 
differed from those with apple cuttings in that they did not furnish 
any evidence against the supposition just mentioned. 


CALLUSING OF WILLOW CUTTINGS 

The numerical data for callusing in willow cuttings in the experi- 
ments with flowing gases are shown by graphs based on Table 6. 

Except for temperature influence, no important differences in callus 
formation are evident in the series of gas and water treatments 
employed in these 12 experiments. A graph for base-callus formation 
with a minimum of about 18° C., an optimum of about 29°, and a 
maximum of about 38° answers well for all these tests except experi- 
ments 3 and 7. 

In experiment 3 the only callus observed on either end was a trace of 
top callus produced at a temperature of 30.3° C. In itself, this almost 
total absence of callus on cuttings that showed a very large amount of 
footing suggests again that roots and callus may reciprocate, the 
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activity being variously divided between rooting and callusing. 
However, a closer examination of the results with willow cuttings 
seems to indicate here, as with apple, that such reciprocation was not 
involved, but rather that there are actual differences between the 
requirements for rooting and for callusing. The bases of the cuttings 
in experiment 3 (being surrounded by wet cotton) were evidently 
too wet for callus formation, although such conditions were very 
good for root formation. The lack of top-callus formation in experi- 
ment 3 may, perhaps, have been due to excessive water treatment 
or to this water treatment in conjunction with the large oxygen 
supply. In the case of the special modification of experiment 3 in 
which different rates of air flow were employed at a single temperature 
(see Table 8), top callus was evident only with the lower rates of flow. 

The score values for base callusing shown by experiment 7 are 
lower than the corresponding ones for any of the other experiments 
with flowing gases except experiment 3 and its modification. The 
extremely low maximum and optimum temperatures indicated by 
experiment 7, about 29° and 25° C., respectively, may have special 
significance, or they may show merely that all values were too low 
to give satisfactory temperature indications. These extremely low 
values for base callusing can not be explained either by a reciprocation 
of callusing with rooting or by excessive treatment with water. It 
seems that a surplus of oxygen was in some way responsible for them. 

It may or it may not be significant that the only values higher than 
t) for base callus were obtained in experiments 2 and 9 with cuttings 
that had been treated with water. While it may be that some treat- 
ment was beneficial to callusing of willow, it seems that even in willow 
cuttings any water treatment tended to retard callusing. This was 
especially evident in experiment 3 and in experiments 10, 11, and 
12. In the last-mentioned experiments, although the index values for 
base callusing are about like those for the other experiments, top 
callusing was entirely inhibited by the injection treatment. In ex- 
periment 8, the other experiment in which the cuttings were injected 
under reduced pressure, only slight top callusing was evident; and in 
experiment 9, in which the cuttings were not injected but were soaked 
22 hours, values for top-callus formation were more different from 
those for base callus than were the values shown by cuttings neither 
soaked nor injected. Thus in general, where the cuttings were 
given water treatment, the temperature range for formation of top 
callus lay well within the range for base callus, and in these cases the 
curves of minimum and maximum temperatures are not far from 21° 
and 34° C., respectively; also, the optima are uncertain, and all index 
values are low. 

Except for the high value shown near 31° C. in experiment 2 and 
another near 29° in experiment 9, the conditions of these 12 experi- 
ments were not good for either base-callus or top-callus formation, 
whatever gas or water treatment was employed. 

Lenticel Callus 

Other workers have made many studies of the external conditions 
influencing tissue hypertrophy around lenticels (lenticel callus). 
These studies have clearly demonstrated the close relationship exist- 
ing between oxygen deficiency and water surplus in bringing about 
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lenticel hypertrophy when the temperatures are adequate, but ap- 
parently no special study has been carried out with reference to the 
part played by these different factors. 

Although the system of score values for lenticel-callus used in the 
present studies is not wholly satisfactory, some indications with regard 
to lenticel-callus formation may be added here. 

Regarding the temperature curve for lenticel-callus formation, the 
data presented in Tables 6 and 10 indicate maxima about 39° and 
minima about 10° C. The optima are not so definite, for in general 
little difference was shown for any one series within the temperature 
range between 22° and 30°. 

Although the gas and the water treatments employed in these 
experiments seem to have had little influence upon the cardinal tem- 
peratures, the index values obtained were markedly influenced by 
such treatments. Experiment 1 shows that at proper temperatures 
lenticel callus may form with a high partial pressure of oxygen surround- 
ing the cuttings. Considering the low values of experiment 7 (flowing 
oxygen, bases of cuttings on stilts) in contrast with the high values 
of experiment 1 (flowing oxygen, damp cotton around bases of cut- 
tings), the external supply of oxygep seems to have been of much 
less importance in lenticel-callus formation than was the water supply. 
This suggestion is supported by the difference in results shown between 
experiments 3 and 4 and between experiments 8 and 9. When experi- 
ments carried out at the same time are considered, lenticel callusing 
was increased in proportion to the quantity of water supplied to the 
cuttings. 

However, considering the differences between experiments 5 and 6 
(both without water treatment) lenticel-callus formation seems to 
have been favored by a low oxygen supply; in experiment 6, in which 
the cuttings received only 50 cubic centimeters per hour of a mixture 
of 5 per cent oxygen, index values were markedly higher than those of 
experiment 5, in which the same gas mixture was passed through the 
chambers approximately six times as fast. 

Thus these willow cuttings subjected at adequate temperatures to 
negligible rates of evaporation showed formation of lenticel callus 
with any gas mixture tested, whether supplied with water or not; 
but such hypertrophy was accelerated either when the partial pressure 
of oxygen was low or when water was supplied to the cutting. 

ADDITIONAL EXPERIMENTS ON ROOTING AND CALLUSING OF WILLOW CUTTINGS 

Some additional experiments on rooting and callusing of willow 
cuttings were made, the numerical results of which are shown in 
Tables 8 and 9. Experiment 7-A (Table 8) was a duplicate of 
experiment 7 (Table 6) except that instead of having continuously 
flowing oxygen the chambers were swept out with oxygen at the start 
of the experiment, and this was repeated 12 hours later, after which 
the chambers remained sealed. Unlike experiment 7, this experiment 
shows about the usual minimum rooting temperature (15° C.) and 
the usual optimum (about 29°). But the maximum temperature 
(33.8°) is lower than that in any of the willow experiments with 
flowing gases. At this temperature actual injury was sustained be- 
cause of oxygen deficiency. Although more oxygen was introduced 
into each chamber in experiment 7 — A than was supplied in experi- 
ment 6 (slowly flowing 5 per cent oxygen), rusting of the wire stilts 



July 15, 1029 


Rooting and Callusing in Apple and Willow 


123 


took place rapidly, and the available supply probably fell below the 
critical limit for rooting. It is uncertain whether in experiment 7~A 
the generally low rooting values were all due to deficiency in oxygen, 
or whether under some temperature conditions an optimum supply 
was available. The occurrence of the generally low callus values 
here shown suggests that injury may possibly have occurred at the 
lower temperatures because of too much oxygen. 

The four experiments, Nos. 13 to 16, were all run at the same time 
(February 26 to March 8); each chamber contained air when sealed, 
and (except in experiment 13) some preliminary water treatment had 
been given to the cuttings. 

In experiment 13 the low \ allies for rooting and the very high 
values for callusing are in accord with previous suggestions that 
callus formation is favored by a very low oxygen supply and that, 
although the required oxygen supply for rooting of willow is low, it 
is not nearly so low as is that for callusing in the same plant. In 
this experiment, at every temperature employed, except perhaps near 
the minimum, the supply of oxygen fell during the experiment period 
below that required for good root formation. At 28.7° and 32.8° C., 
temperatures which other experiments, have indicated as being near 
the optimum for callusing, the oxygen supply fell even below the low 
amount required for optimum callus formation. Consequently, the 
temperatures here indicated for optimum callusing (20.3° to 23.7°) 
arc much below the optimum (about 29°) indicated by experiments 
1 to 12. 

The results of experiment 13 show that, for the suboptimal tem- 
peratures employed, conditions were very good for callusing of wil- 
low; in fact, better than in any other of the writer's experiments. 
The fact that at a temperature of 12.2° C. moderate callus was here 
observed at both top and base indicates that the temperature minima 
(about 18° to 21°) shown by the experiments with flowing gases were 
too high. Apparently in every case in experiments 1 to 12 willow 
callusing was in general greatly reduced because of excess of oxygen. 

Experiment 14 (in which the bases of the cuttings were soaked 24 
hours) showed rooting values as low as or lower than those for ex- 
periment 13 at the corresponding temperatures, indicating for willow 
(as has already been observed for apple) that, with deficiency of 
oxygen, injury was even more pronounced with wet cuttings than 
with dry ones. In this case callusing at the bases of the cuttings 
(the region soaked for 24 hours) was almost negligible, while the 
values for top-callus formation are very high — almost as high as 
those for experiment 13. That the almost total absence of base 
callus was not entirely due to the 24-hour soaking seems indicated 
by the fairly high callusing values shown in experiment 9 (Table 6), 
where, with flowing air, cuttings whose bases had been soaked for 22 
hours showed more callus formation at the base than at the top. 

In experiment 15 (in which water was injected into the cuttings 
for 25 minutes) and experiment 16 (in which the cuttings were soaked 
one hour) the values for callusing are again low, and the values for 
rooting are even lower. The available oxygen supply here also 
probably fell much below the critical limit for optimum rooting and 
even somewhat below that required for optimum callusing. Inject- 
ing the cuttings seems to have decreased rooting and callusing slightly 
more than immersing them for one hour; in experiment 15 the maxi- 
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mum temperature for both rooting and callusing was below 33° C. 
It is probable that the lower callusing activity shown by these last 
three experiments was not entirely due to oxygen deficiency, for 
indications that treatment of the cuttings with water tends to retard 
callusing, irrespective of the effect of such treatment on oxygen 
supply, have already been referred to. 

In Table 9 are shown the results of two experiments (Nos. 17 and 
19) with gas not under continuous flow, which again indicate that a 
large supply of oxygen may retard rooting. In experiment 17 air 
and oxygen were used, with chambers A and C remaining closed 
throughout the 7-day period and with the gas bubbled through 
chambers B and D every 12 hours. The cuttings in chamber A (air 
closed) showed the highest rooting values of the four, those in cham- 
bers B (air, changed) and D (oxygen, changed) showing much lower 
rooting values. This experiment indicates that a large supply of 
ox ygen was injurious, irrespective of the partial pressure employed. 
Experiment 19, A to D, also showed some indication that oxygen in 
excess may act injuriously upon the rooting of willow. Although 
the proportion of cuttings that rooted was not appreciably lower in 
chambers B and C than in chamber A, the lower average number of 
roots per cutting may have been due to higher oxygen content. 

Table 9 also refers to many experiments with willow in which low 
rooting values seem clearly to have been due to deficiency of oxygen. 
In experiment 18, A to I), nitrogen, or a mixture of nitrogen and 
oxygen with 5 per cent of the latter, was used, no change of gas 
taking place in chambers A and C, but with the gas in chambers 
B and D changed every 12 hours. In all cases very low rooting 
values were obtained, but the highest value was for the chamber 
through which the largest amount of oxygen passed. In spite of 
the total amount of oxygen inserted in chamber B, it seems probable 
that, due to the rusting of the iron-wire stilts, an actual deficiency 
of oxygen occurred in this case as well as in the other three bottles 
where obviously very little oxygen was available for rooting. 

In every experiment referred to in Table 9 (except experiment 17) 
one or more chambers showed evidence of oxygen deficiency. In 
some cases this deficiency was brought about by an insufficient 
volume of air, in some cases by inadequate partial pressure of oxygen 
in the gas mixture, and in some cases by a temperature too high for 
the other conditions. 

The cuttings in experiment 23, chamber A, gave the highest rooting 
values obtained without flowing gases. The rooting values for the 
cuttings in chamber B and for those in chamber C are markedly 
different, which may well have been due to a difference in the avail- 
able oxygen supply per cutting between the chamber that contained 
4,200 c. c. of air at the beginning of the experiment and the chamber 
that contained 2,700 c. c. 

The experimental results given in Tabic 9 appear to support the 
suggestion that callusing and rooting values do not reciprocate, but 
rather that each process is independent of the other, being influenced 
bv water, oxygen, and temperature. Table 9 further indicates that 
callusmg of willow was retarded (1) when water treatment was 
excessive (experiment 23), (2) when oxygen supply was too great 
(experiments 17 and 21), and (3) when oxygen supply was too small 
(experiments 18, 19, 20, and 23). 
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No clear indications regarding the controlling external factors for 
lenticel-callus formation were obtained in the experiments without 
flowing gases. Moderate lenticel callusing occurred whether the 
cuttings were supplied with large or with small amounts of water or 
oxygen. Only in experiment 18 (where all chambers had very little 
oxygen) did there appear any indication that oxygen supply was a 
limiting factor. Here all values for this form of activity were low, 
and apparently the lower the oxygen supply the lower were the values 
obtained. Also lenticel callusing seems to have had an even lower 
critical limit of oxygen supply than had top or base callusing. 

A preliminary experiment set up October 26, 1926, indicated, 
however, that even with negligible amounts of oxygen very large 
lenticel calluses may form in time. In this experiment the bases of 
the cuttings rested on damp cotton, and nitrogen was bubbled 
through alkaline pyrogallol solution and then through the chamber 
containing the cuttings. A rubber bag with nitrogen under slightly 
more than atmospheric pressure remained attached to the chamber, 
the pyrogallol bottle being between the bag and the chamber. The 
set-up was placed in the greenhouse, shaded from intense sunlight. 
After one month the cuttings showed very large lenticel calluses, but 
rooting was almost negligible. Neither rooting nor callusing occurred 
during the next 12 days. On December 8 the chamber was opened 
to the air, and four days later many roots were visible on each cutting, 
indicating that lack of oxygen in the first part of the experiment had 
been the chief factor to retard rooting, even though optimum con- 
ditions had been offered for lenticel-callus formation. 

Few indications regarding cardinal temperatures are to be obtained 
from Table 9, since only a single temperature was employed in each 
experiment. It may be noted, however, that the highest rooting 
values were shown by injected cuttings kept at 29° C., while the 
highest values for top and base eallusing are shown by cuttings kept 
at 32° and supplied with additional water. In general, the higher 
the temperature the greater the supply of oxygen necessary for opti- 
mum rooting. This seems to have been indicated only slightly for 
callusing at top or base, and not at all for lenticel callusing. 

In an experiment carried out in April, 1926, it was observed that 
one lot of willow^ cuttings with bases in water show r ed the same root 
development as did another lot w T ith bases embedded in a 1.25 per 
cent agar gel. In the light of the more recent experiments, these 
results suggest that either the small amount of oxygen necessary for 
rooting was able to diffuse fast enough through the agar, or else the 
necessary oxygen reached the bases of the cuttings through the freely 
exposed tops. Tradescantia cuttings treated in the same manner as 
the willow cuttings also rooted in agar, but with this difference — 
the roots formed only near the top of the gel, suggesting that more 
oxygen is required for its rooting than for w r illow r . 

The experiments here reported with wdllow T cuttings without 
flowing gases are no more than preliminary, but the results obtained 
seem to strengthen some of the suggestions brought out in experi- 
ments 1 to 12; namely, (1) that for both rooting and callusing a 
rather definite and comparatively low supply of oxygen is necessary; 
(2) that the minimum oxygen supply for callusing is less than that 
for rooting; (3) that excess of oxygen may slightly retard 'rooting and 
markedly retard eallusing; and (4) that the oxygen mmimum is 
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greatly dependent upon the temperature. The chief difference 
between apple and willow as shown in these experiments seems to lie 
in the much higher point for the oxygen minima in the former. 

SUMMARY 

The experiments here reported were of a general and exploratory 
nature, planned to secure indications as to promising methods of 
procedure in both the planning and the execution of tests of rooting 
and callusing. Fall, winter, and spring cuttings were tested in dark- 
ness, at seven different maintained temperatures in each of 16 series 
with constantly flowing gas, and these series differed with respect to 
the oxygen and water conditions in the test chambers. Some pre- 
liminary treatments with water were tested in this way, and some 
experiments were tried without flowing gas. With the different 
maintained temperatures and with flowing gas the experiment period 
was 10 days, while an experiment period of 7 days was used in some 
of the tests without flowing gas. The plants used were apple of the 
Springdale variety and willow ( Salix alba L.), both of which have 
preformed, dormant root primordia under and in the bark. In the 
Springdale apple these primordia occur ill groups, forming burrknots. 
The apple cuttings were made from wood from 3 to 10 years old; 
most of the willow cuttings were made from wood 2 years old. 

Results with Apple Cuttings. — For the 10-day period the temperature curve 
of rooting showed generally a minimum of about 8° to 14° C., a maximum of 
about 39°, and an optimum of about 24° to 29°; but these cardinal points of the 
temperature relation were apparently shifted or modified according to the oxygen 
and water conditions. 

The maximum temperature was consistently about 39° C. in all cases where 
the oxygen supply was adequate. When the oxygen supply was apparently 
inadequate, the maximum temperature was not so high. 

The optimum temperature appeared to be influenced by internal conditions 
related to the seasonal maturity of the shoots from which the cuttings were 
made. With apparently adequate oxygen and water conditions the optimum 
for the spring cuttings seemed to be shifted downward on the temperature scale, 
and it was also markedly broadened into an optimal range. The fall cuttings 
showed a more definite and somewhat higher optimum than did the spring cut- 
tings, and the latter rooted equally well throughout an extensive optimal range. 

The numerical values or scores representing the amount of rooting were con- 
siderably greater for the optimal temperatuie range in the spring than they were 
for the fall optima. In the later tests, with more mature shoots, at sub-optimal 
and supra-optimal temperatures the rooting values were greater than at optimal 
temperatures in the fall tests. More rooting and rooting at lower temperatures 
generally occurred in cuttings made and tested in March than in those made 
and tested in November. 

The minimum temperature for rooting appeared to be decidedly lower in the 
spring tests than in the fall tests, suggesting that the minimum was shifted down- 
ward on the temperature scale as the shoots became more mature. 

The minimum temperature for rooting did not seem to be influenced by water 
and oxygen conditions as these were tested. 

Some evidence secured suggested that a longer experiment period would have 
given lower minima than those given during the 10-day period. 

While the slope of the temperature curve for rooting for supra-optimal temper- 
atures appeared to be much influenced by oxygen and water conditions, this 
influence was not pronounced for sub-optimal temperatures. 

Neither injurious nor beneficial 'effects on rooting appeared from exposing the 
cuttings to oxygen at a pressure of about 1 atmosphere. When ordinary air 
was passed through the test chamber at an adequate rate, the rooting in apple 
cuttings was just as satisfactory as when oxygen with only slight admixture of 
nitrogen was used. 

Rooting values were higher when the cuttings had been subjected to an initial 
treatment with water, but the extent of such treatment might be excessive, in 
which case retardation was more or less pronounced, seemingly according to the de- 
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gree of excess. Thus, soaking the cuttings one hour in water resulted in increased 
rooting, with other conditions good, but soaking them 48 hours resulted in marked 
retardation of rooting. On the other hand, callusing seems to have been retarded 
by any water treatment, this retardation being approximately proportional to 
the degree of water treatment. 

Callusing seems to have been more active at slightly higher temperatures and 
with somewhat lower water and oxygen supplies than those inducing the most 
active production of roots. 

Although the maximum temperature for callusing was about the same as that 
for rooting and the optimum was only slightly above that for rooting, the mini- 
mum temperature for callusing was generally from 4° to 8° above the corre- 
sponding temperature for rooting in the same experiment. 

With good environmental conditions, callus formation was generally found 
to be more active at the base than at the top of a cutting. This suggests an 
internal influence of polarity on callusing, in which respect callusing seems to 
differ from rooting, for which no such influence was apparent. 

A distinct retardation of callusing appeared when the cuttings were surrounded 
with oxygen at a pressure of about 1 atmosphere, but no such retardation was 
observed in the case of rooting. 

Although both rooting and callusing were more active at the season of the year 
when buds are ready for development (March), this increased activity in root and 
callus formation was as apparent for cuttings without buds as for those with buds; 
thus there seemed to be no direct influence exerted by buds on either rooting or 
call using. 

For formation of lenticel callus some oxygen seems to have been necessary, 
but the amount of oxygen required for lentical callusing was much less than for 
top or base call using. 

Results with Willow Cuttings. — In general, the results with willow cuttings 
were similar to those with apple, with some quantitative differences apparent in 
t he cardinal temperatures and in the oxygen and water relations. The chief points 
of difference shown by willow' cuttings w’ere as follows: 

Although for the rooting of willow' cuttings an optimum temperature of about 
29° C. was indicated, similar to that shown for apple, all temperatures tested 
between 20° and 33° were very good for willow. 

Although some seasonal variation was observed, similar to that in apple cut- 
tings, in all cases the minimum temperature appears to have been several degrees 
higher for rooting of willow’. 

All water treatments employed seemed beneficial to willow rooting; with a 
greater degree of water treatment, proportionally more rooting was apparent. 

The minimum oxygen supply for rooting and callusing was so low that oxygen 
deficiency was not evident except in some of the experiments without flowing 
gases. 

When no water treatment was used, a large oxygen supply seemed slightly to 
retard rooting. There was even some suggestion that the minimum temperature 
might be raised by oxygen excess. 

Top and base callusing seems to have been more influenced in willow" than in 
apple by excess of oxygen. 
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OCCURRENCE OF THE ZONATE-EYESPOT FUNGUS 
HELMINTHOSPORIUM GIGANTEUM ON SOME ADDI- 
TIONAL GRASSES 1 


By Charles Drechsler 2 

Associate Pathologist , Office of Horticultural Crops and Diseases ( formerly with 
Office of Cereal Crops and Diseases ), Bureau of Plant Industry , United Stales 
Department of Agriculture 

INTRODUCTION 

In a previous paper 3 the occurrence of the zonate-eyespot fungus 
( Helminthosporium giganteum H. and W.) on more than a score of 
grasses was recorded and a brief description of the lesions as they 
appear on each host was given. The account in question incorpo- 
rated the results of observation begun in 1922, when the parasite 
was especially destructive and abundantly distributed, and continued 
as occasion offered not only in the vicinity of the District of Columbia 
but also in various other localities during the four following seasons, 
all of which were marked by a considerably diminished prevalence 
of the fungus. The season of 1927 likewise revealed only moderate 
development of zonate eyespot, so that observations in the territory 
previously covered yielded little additional information. In 1928, 
however, the disease reappeared with more than ordinary severity. 
Its obvious destructiveness to a number of favorable hosts in the 
experimental grass plots at Arlington Experiment Farm, Rosslyn, 
Va., insured throughout August and September a liberal supply of 
conidia to which the other grasses under cultivation were exposed to 
a greater or less degree, depending, of course, somewhat on the rela- 
tive distances and the positional features which the arrangement of 
the grounds entailed. Opportunity was thus afforded for noting 
especially the degree of susceptibility of a rather rich assortment of 
graminaceous species added to the plantings since 1922, among which 
many represent introductions from foreign lands where the parasite 
under consideration is not known to occur at present. 

PRESENT INVESTIGATION 

Foliar injury attributable to Helminthosporium giganteum was mani- 
fested in 11 grasses not hitherto recorded as hosts of. that parasite. 
The determination of //. giganteum as the causal agent was accom- 
plished through the identification either of fructifications growing out 
of the lesions or, in the case of the more unfavorable hosts, of the 
adhering evacuated conidial membrane, which from its position rela- 
tive to the diseased tissue could safely be regarded as the envelope 
of the spore that had occasioned some particular instance of injury. 
It may be mentioned that two other species of Helminthosporium were 
present in large quantities in the experimental plots. One was the 
unnamed form briefly characterized in 1925 3 as a parasite of redtop 
( Agrostis palustris Huds. = ^4. alba L.) but here found energetically 

1 Received for publication Fob. 2, 1929; issued July, 1929. 

2 The writer gratefully acknowledges his indebtedness to Agnes Chase and A. S. Hitchcock for identifi- 
cation of various grasses discussed In the present paper and for information relating to nomenelatorial 
questions. 

* Drechsler, c. a leaf-spot of redtop caused by an apparently undescribkd species of hel- 
minthosporium. (Abstract) Phytopathology 15: 51-52. 1925. 
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parasitic on seaside bent grass (A. maritima Lam.). The other caused 
severe leaf spot, mostly of the spot-blotch type, of a considerable num- 
ber of grasses belonging to the genera Bromus, Calamagrostis, Elymus, 
Festuca, and Lolium, and would seem referable to H. sativum, P. K. 
and B. Although in most cases the appearance of the lesion provided 
a valuable clue to the identity of the species of Helminthosporium 
involved, it could not be relied on sufficiently to obviate the necessity 
of procedure more trustworthy than macroscopic inspection. Thus a 
sprinkling of lesions of the simple eyespot type found on the leaves of 
Calamagrostis epigeois Roth, which strongly suggested injury from II. 
giganteum, was found attributable rather to the spot-blotch fungus. 
And again extensive foliar injury observed in a plot of buffalo grass 
(Bull » ilis dactyloides (Nutt.) Raf.), which bore great resemblance to 
the zonate development of II. giganteum , could not be referred to any 
species of Helminthosporium, nor indeed to other fungous agent, 
but was apparently of nonparasitic origin. 

Among the various grasses severely attacked by Helmintho spor iu m 
sativum , several bore evidence also of injury from II. giganteum , 
though the number and extent of the lesions due to the latter organ- 
ism in such instances were for the most part inconsiderable. The 
pathological effects of the eyespot fungus on these grasses will not 
be discussed in the present paper, as it is hoped that in some other 
season a decreased development of the spot-blotch parasite, or pref- 
erably its absence, may make available a supply of less ambiguous 
material. In most of the plots of Agrostis maritima the presence of 
the sclerotium-forming species of Helminthosporium already referred 
to interposed a similar cause of confusion. However, in a few of 
the plantings, perhaps because of a greater degree of resistance in 
the host strain involved, infection from that source was present only 
in negligible quantity. Their close proximity to grass plots heavily 
infected with zonate eyespot, on the other hand, encouraged a fair 
representation of lesions due to H. giganteum , so that the reaction of 
seaside bent to this parasite could be observed under tolerably favor- 
able conditions. The material used for illustrating the eyespot lesions 
on seaside bent, like that of the other hosts on which the presence 
of other parasites could be suspected, was first examined microscop- 
ically and the presence of an evacuated spore membrane of II. gigan- 
teum on each lesion confirmed. The likelihood of leaf spots other 
than those due to the zonate-eyespot fungus being included in the 
illustrations of this paper or in those of the preceding contribution, 
therefore, was effectively obviated. 

In the following paragraphs the pathological effects appearing on 
the several grasses from exposure to Helminthosporium giganteum are 
briefly considered. Except when otherwise stated, the discussions 
are based on observations made at the Arlington Experiment Farm 
during August and September, 1928. 

PATHOLOGICAL EFFECTS OF HELMINTHOSPORIUM GIGANTEUM ON VARIOUS 

GRASSES 

In all plots velvet bent ( Agrostis canina L.) was found very severely 
attacked by Helminthosporium giganteum . Because of the unusually 
narrow foliage characteristic of this host, the manifestation of injury 
p somewhat unlike that found in grasses with broad leaves. (PI. 
if A— I.) On close inspection the incipient or small lesions, to be 
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sure, present the usual picture — a small, dead, bleached region sur- 
rounded by healthy green tissue. (PI. 1, A, B.) With subsequent 
increase in extent as a result of secondary development, which very 
readily takes place under suitably moist conditions, the lesions soon 
occupy the entire width of the leaf. (PI. 1, C-I.) As a result, a 
lar^e proportion of the foliar organs in an actively growing stand 
exhibit dead segments of variable length alternating with living por- 
tions. Although in itself the destruction of segments of a leaf does 
not involve, at least immediately, the death of parts more distal in 
position, further extension of the fungus generally eventuates in the 
withering of the greater length of the blade affected. As the dead 
foliage is light-gray or light-straw colored, the general aspect of a 
growing turf in which the parasite has been operating for some time 
may be rather aptly compared to that of graying hair. 

A very similar grizzly appearance is characteristic also of badly 
affected turf of susceptible creeping bent ( A . stolon ijera L.), espe- 
cially when a narrow-leaf habit is encouraged through frequent 
mowing. A graying aspect is offered by diseased creeping bent 
even when cutting is infrequent; for, although on a close view the 
separate lesions can generally be distinguished on the somewhat 
broader leaves as discrete spots (pi. 1, T-Y; A'-J')> at a distance of 
1 meter or more their individuality as well as that of the numerous 
completely withered leaves (pi. 1, Z) is much less apparent and thus 
becomes subordinate to the general appearance. 

Information is not available as to whether the zonate eyespot. is 
prevalent on velvet bent in the region, including especially the North- 
eastern States, where the grass is utilized in an economic sense both 
in ordinary lawns and more particularly as turf for golf courses. The 
section referred to is well north of the presumptive natural range of 
the disease, as far as the limits of that range may be surmised from 
the few collections which the writer has made. In this connection 
it may be pertinent to refer again to the discovery of Helminthosporium 
giganteum in various localities in Michigan, Minnesota, northern 
Ohio, northern Indiana, and northern Illinois, although no infection 
of other favorable hosts growing under ordinary natural conditions 
was found in those instances where a search was made. That the 
commercial distribution of infected stolons from sources within the 
natural range of the parasite may be held largely responsible for such 
northern occurrence can hardly be doubted. The distribution of 
velvet bent, however, has been almost wholly by seed, although a very 
limited traffic in material for vegetative propagation seems to have 
taken place in recent years. Because of its small size and the some- 
what prolonged storage regularly entailed in commercial handling, 
bent seed would seem considerably inferior to stolons as a vehicle for 
the transmission of a fungus of apparently only ordinary hardiness. 
The human agencies operating in favor of a wide artificial distribu- 
tion of the parasite in the case of creeping bent may, therefore, not 
have been equally effective in the case of velvet bent. 

On the other hand, if the strains of velvet bent cultivated at 
Arlington Experiment Farm may be taken as representative of the 
species, this grass, once the parasite is established in a green, would 
suffer presumably quite as severely as the most susceptible selections 
of creeping bent. Irrespective of the kind 'of grass employed, the 
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conditions provided in putting greens, of course, are unusually favor- 
able for the fungus. The frequent watering necessitated in the man- 
agement of a satisfactory turf enables the parasite to extend its lesions 
and to continue producing conidiophores and conidia in quantity 
regardless of the intervention of droughty periods. Local distribu- 
tion of conidia — a feature in respect to which the fungus would seem 
less successful under natural conditions than most of its graminicolous 
congeners — is undoubtedly promoted very materially by mechanical 
operations like mowing, rolling, or the removal of dew. Moreover, 
the extended season (from early in spring until late in fall) through 
which turf is kept in active vegetative condition can not but oper- 
ate especially to the advantage of a pathogene somewhat slow in 
developing its attack. 

Agrostis maritima , growing in close proximity to very badly in- 
fected creeping bent, displayed only a relatively small number of 
lesions due to Helminthosporium giganteum. These lesions were of 
the simple eyespot type, relatively small, usually not measuring more 
than 0.5 mm. in length and 0.2 mm. in width, though occasionally 
attaining dimensions somewhat more than twice as great. (PI. 1, 
J-S.) Even macroscopically the injury due to II. giganteum could 
usually be distinguished from spots attributable to the congeneric 
parasite so abundant on the same species of grass by their smaller 
size and especially by the relative proportion of central bleached 
tissue to the width of colored margin. In the main, the central 
areas of lesions due to H. giganteum were bleached rather completely, 
the contrast with the surrounding tissue being pronounced and the 
line of demarcation well defined, and the colored margin was com- 
paratively narrow. On the other hand, the lesion caused by the other 
species of Helminthosporium consisted of a somewhat more vaguely 
defined, less completely bleached area surrounded usually by a wide 
zone of dull reddish coloration. It is hardly necessary to add that 
conidiophores of II. giganteum were never observed on the feebly 
attacked foliage of seaside bent, and that the latter, as far as present 
observations may be trusted, would not serve as host in the absence 
of other grasses. 

Eragrostis caroliniana (Spreng.) Scribn. was found heavily attacked 
by Helminthosporium giganteum. (PI. 2, A-W.) In the beginning 
individual infections were manifested in lesions of the eyespot type, 
which were often not more than 0.3 mm. in width and 0.5 mm. in 
length, and which had minute bleached centers delimited from the 
healthy tissue by moderately broad dark-brown or purplish-brown 
zones. (PI. 2, E, K, N, O, R, W.) Subsequent enlargement of the 
diseased areas through centrifugal extension of the parasite occurred 
readily, not only bringing about malformations in younger leaves, 
traceable to locally impeded growth (pi. 2, B, C, M, S, L, T), but also 
eventually resulting in the complete or partial destruction of the foliar 
organ. (PI. 2, B, G, I, L, P, Q, T, U.) Such destruction was apparent 
usually as a progressive withering of the affected leaf from tip toward 
base. As microscopic inspection of the dead tissue revealed an abun- 
dance of conidial fructifications of the parasite, there can be no doubt 
that E. caroliniana is to be reckoned among the more congenial hosts 
on which the parasite can maintain itself without difficulty. 

Festuca hooTceriana (Benth.) Mtill. ( = Schedonorus hooTcerianus 
Uenth.), a grass that plays a part in the agriculture of New South 
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Plate 1 



Leaves of grasses attacked by Helminthosporium giganteum , X 2: A -I, Agrmtis caninn; J-S, A. maritima ; T-Z and V-J\ A. stolonifera 
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Plate 3 



Leaves of grasses attacked by Helminthosporium giganteum, X 2; A and B, Iiophorus umsdus; C, Pennitdum ciliare; 1)-F. Phalarui bulbosa 
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Plate 4 



Leaves of graces attacked by Helminthotporiv m giganteum , X 2: A and B, Phnlaris hit (born; C-J, P. slenoptrra; K and L, Spodipogon sibtricus 
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Plate 5 



Leaves of grasses attacked by Helmintkosporium giganteum, X 2: A-D, Spodipogon sibericut; E-II, Tripmcum dad y hides 
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Plate 6 



Leaves of Sp&robolus sp. (S. P. I. No. 75378) attacked by Jldminthwporium gujavleum, X 2: 
A-D, series showing fresh peripheral infection in water-soaked stage present in increasing 
Quantity; K, lesions abundant but with little zonal extension in progress; F, two zonate lesions 
with fresh peripheral increments; the other lesions show ho current enlargement 
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Wales, Australia, somewhat comparable to that played in the United 
States by the brome grasses utilized here, was found spotted liberally 
with lesions due to attack by Ilelminthosporium giganteum. (PI. 2, 
X-Z; A'-D'.) These were evident often as minute dark-brown spots 
sometimes not exceeding 0.1 mm. in width and 0.5 mm. in length. 
(PI. 2, X, Y.) Occasionally the unrelieved eyespot type of discolora- 
tion persisted even in the largest of morbid regions with a width of 
approximately 1 mm. and a length of 4 mm. (PI. 2, X, A', and D'.) 
More generally, however, the larger number of all except the smallest 
lesions revealed sharply delimited, somewhat bleached central areas, 
often so minute as to be barely discernible, but in instances of better 
development sometimes attaining widths of 0.5 mm. and lengths of 
1 mm. (PI. 2, Z, B' and C'.) In the resultant eyespot arrangement 
the dark-brown marginal zone was often, though not always, rather 
broad in comparison with the size of the central straw-coiored por- 
tion. Distinctive zonate development was never observed, and micro- 
scopic examination uncovered no evidence of sporophores of //. 
giganteum, arising from the discrete areas of affected tissue. It is 
hardly possible, therefore, that under ordinary conditions the grass 
would serve as a host of the parasite independently of other grasses. 
However, the abundance in which infection occurred would suggest 
that, under especially favorable conditions, with perhaps more exten- 
sive areas of morbid tissue resulting from the coalescence of separate 
lesions, the production of conidiophores and conidia might take place. 

Ixophorus unisetus (Presl.) Schlecht, a native of Mexico, became 
marked in a somewhat unusual manner as a result of infection by 
Ilelminthosporium. giganteum. The deep marginal discoloration evi- 
dent in many hosts was represented on the upper aspect of the leaf 
by a blotch of purplish hue fading gradually into the green of the sur- 
rounding healthy tissue. In Plate 3, A and B, these purplish blotches 
are represented rather inadequately by the vaguely delimited dark 
regions surrounding the elliptical patterns, though their considerable 
extent is not inaccurately shown; the blotch exhibited near the upper 
left corner of Plate 3, B, for example, measures approximately 16 
mm. in length and 7 mm. in width. The elliptical patterns consist, 
as the illustrations indicate, of outer zones of light, coloration sur- 
rounding central regions of darker coloration, the former being of a 
light brownish hue and the latter of a darker reddish-brown or nearly 
brick-red color. The undersurface of the infected leaf generally 
exhibited no evidence of purple discoloration, but it did exhibit the 
reddish brown in the area corresponding to the central region, though 
usually in a slightly paler tone. The light-brown tone was repre- 
sented on the undersurface only by a faintly colored halo separating 
the elliptical brown region from the green of the adjacent normal leaf 
tissue. In spite of the somewhat pronounced chromatic effects pro- 
duced by the fungus, microscopic inspection failed to reveal any in- 
dication of conidiophores on any of the material examined. From 
the information available, therefore, I. unisetus can hardly be re- 
garded as a sufficiently congenial host to propagate the fungus in the 
absence of other grasses. 

On the leaves of Pennisetum ciliare (L.) Link were found a small 
number of longitudinally elongated dark-brown blotches attributable 
from microscopic examination to the germination of conidia of 
Ilelminthosporium giganteum . One of the largest of these lesions, 
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approximately 4 mm. in length and 1 mm. in width, is represented in 
Plate 3, C. Some of the blotches had bleached central parts, thus 
bringing about a somewhat poorly defined eyespot effect. Conidio- 
phores were never observed. Evidently the grass under considera- 
tion, like the congeneric P. alopecuroides (L.) Spreng., is far too 
uncongenial as a host to support the parasite in the absence of more 
susceptible species. 

Phalaris bulbosa L. bore a meager sprinkling of lesions, associated 
with overlying conidia of Helminthosporium giganteum. (PI. 3, D-F 
and pi. 4, A, B.) Except for the incipient stages (pi. 4, B), the 
infections adhered to the eyespot type, a minute bleached speck 
being discernible often in examples not exceeding 0.7 mm. in length 
or 0.2 mm. in width. (PI. 3, D, E.) In the larger examples measur- 
ing up to 2 mm. in length and 0.7 mm. in width, bleached center and 
dark-brown margin usually appeared in sharp contrast with each 
other and with the adjacent healthy tissue. (PI. 3, F and pi. 4, A.) 
Conidiophores of the parasite were never observed on any of the 
affected leaves examined. However, the production of such struc- 
tures could not well be expected from morbid tissue so inconsiderable 
in quantity. The independent propagation of the parasite on the 
host in question would seem altogether improbable. 

A substantially identical reaction to the presence of Helmintho - 

S lum giganteum was observed on the congeneric and very similar 
aris stenoptera Hackel. To be sure, an appreciably greater 
abundance of lesions is evident in the illustrations of the latter host 
(pi. 4, C-J) but this is to be attributed to the fact that the material 
utilized here consisted of leaves that had grown intermingled with 
badly infected foliage of P. arundinacea L. and had consequently 
been exposed most rigorously to conidia of the parasite. Indeed, if 
allowance is made for the obvious disparity in the severity of exposure, 
it is not certain that P. stenoptera might not be regarded as inherently 
of somewhat less rather than of greater susceptibility than P. bulbosa. 
In any case conidial fructifications of H. giganteum were as com- 
pletely absent as in the latter species, and an approximately equal 
incapacity for the independent propagation of the fungus is indicated. 

Spodipogon sibericus Trin. exhibited a relatively meager sprinkling 
of foliar lesions of the simple eyespot type attributable to infection 
by Helminthosporium giganteum . (PI. 4, K, and pi. 5, A~D.) 
Bleached central parts were evident in some of the lesions that 
measured only 0.5 mm. in length and 0.2 mm. in width. (PI. 5, A, 
B.) In the largest lesions observed, the dimensions of which were 
about six times as great, the elliptical cream-colored central areas 
were delimited rather sharply by the dark-brown or purplish-brown 
borders. (PI. 4, L, and pi. 5, A, C, D.) In some instances a purplish 
discoloration appeared diffused in the tissue for some distance above 
and below the distinctly morbid part, a condition that may have 
been expressive of a certain measure of centrifugal infection. Under 
especially favorable conditions the host would seem to permit zonate 
development, although only to a slight extent, the halos surrounding 
the two larger lesions in Plate 5, A, and the grouping of the smaller 
lesions in Plate 5, B, being suggestive in this connection. However 
as microscopic examination failed to reveal presence of conidiophores 
on any of the affected leaves, S. sibericus should be considered among 

of H. giganteum . 



July is, 1929 Zonate-Eyespot Fungus on Additional Grasses 135 

An unidentified species of Sporobolus (S. P. I. No. 75378) recently 
introduced from Nairobi, Africa, by the Office of Foreign Plant Intro- 
duction, Bureau of Plant Industry, was revealed as one of the most 
favorable host of Helminthosporium giganteum hitherto encountered 
by the writer. The large number of individual lesions observed on 
the foliage provided evidence of a relatively low’ resistance to infec- 
tion from germinating conidia (pi. 6, A-E), while an abundance of 
well-developed zonate patterns testified to the ready centrifugal 
extension of the parasite under suitable environmental conditions. 
(PI. 6, A~F.) On microscopical inspection conidial fructifications 
of the parasite were found in quantity on the larger regions of killed 
tissue, indicating that once the parasite becomes established in a 
stand of this grass not only is the infection apt to become increasingly 
severe within the stand, but other grasses growing near by may be 
expected to become spotted in a measure commensurate with their 
proximity and inherent susceptibility. As the material used for 
the illustrations included in Plate G w T as collected at a time when 
rainy weather had prevailed during the preceding 16 hours, enlarg- 
ing water-soaked zones are represented especially in Plate 6, D and 
F, in the somewhat poorly defined patches surrounding certain of the 
lesions. The more pronounced differentiation between cream- 
colored or straw-colored bleached areas and their delimiting dark- 
brown or occasionally purplish-brown borders becomes evident in this 
host, as in others, with the drying out of the affected tissue. The 
color values referred to are represented with fair approximation in the 
discrete lesions and older portions of zonate tracts shown in Plate G. 

Gama grass ( Tripsacum dactyloides L.) w r as found very sparingly 
marked with incipient lesions attributable to Helminthosporium 
giganteum. (PI. 5, E-H.) The morbid parts were manifested as 
brown elliptical spots, which were usually about 0.3 to 0.4 mm. in 
wfidth and 1.5 mm. in length and surrounded by etiolated zones 
approximately 0.2 mm. in width. As might be expected in view of 
the inconsiderable mass of the tissue affected, the microscope revealed 
no sporophores of the parasite on any of the material examined. 
The r61e played by gama grass in the biology of the parasite, would 
seem, therefore, to be nearly negligible. 

SUMMARY 

Near Washington, D. C., 11 grasses not hitherto recorded as hosts 
of Helminthosporium giganteum were found naturally infected by it 
when growing under ordinary cultivation — that is, without artificial 
watering or other procedure that might accentuate the severity and 
prevalence of disease. Severe injury and abundant sporulation of 
the parasite was observed on velvet bent ( Agrostis canina), a grass of 
some economic importance because of its usefulness in lawuis and 
golf courses; on Eragrostis caroliniana, a common weed of no known 
value; and on an unidentified species of Sporobolus recently intro- 
duced from Nairobi, Africa, ana of problematical economic utility. 
Readily noticeable though not severe injury, without sporulation, 
was observed on Festuca hookeriana, Ixophorus unisetus, and Spodi - 

H on sibericus . On Agrostis maritima , Pennisetum ciliare , Phalaris 
Sosa, P , stenoptera , and Tripsacum dactyloides only inconsiderable 
injury was detected, the lesions usually being both few and small. 
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INTRODUCTION 


One of the most desirable characteristics in planting stock for use 
in the northern Rocky Mountains is drought hardiness. To this end 
it is generally considered necessary that stock should have relatively 
small tops and large bushy root systems, and consequently some cheap 
and effective means of producing stock of this description has long 
been sought. Underground root pruning (the cutting of seedling 
roots in situ) and transplanting in the nursery are the principal 
means thus far employed. These practices have, however, some dis- 
advantages. Underground pruning alone might be effective if better 
spacing of seedlings could be attained by improvements in broadcast 
sowing or by sowing in drills. At present the spacing of plants in 
seed beds that have been sown broadcast is not sufficiently uniform 
to permit of root pruning in place without a heavy loss in dense 
patches of seedlings that do not have room enough for proper response 
to the pruning. Transplanting has an advantage over underground 
root pruning in that, in addition to determining proper root length, 
it results in a wider and more uniform spacing of the plants; but, on 
the other hand, it is a very expensive practice. 

The possibility still remains that some other means, which can 
perhaps be combined with root pruning, may be found for regulating 
root growth. It should be considered that root length and the dis- 
tribution of lateral rootlets may have as much influence on early 
drought hardiness as the general bushiness of roots. If, wherever 
planted trees are likely to suffer severely from drought, longer roots 
could be planted in deeper holes these trees would undoubtedly be 
much hardier. However, very long roots are not practicable, since 
they can not be planted in the field without doubling up in the 
planting hole, a practice which, while it might increase survival, 
might do so only at the expense of later healthy development. Root 
pruning before planting is therefore necessary. But another means 
of resisting the effects of drought is the use of plants that have a large 
portion of the total absorbing root surface in the lower half of the 
root system. This points to the desirability of finding some means 
of developing the root system between the depths of 4 and 8 inches 
below the surface of the ground. In seeking such means, the investi- 
gator naturally turns his attention to the influence of soil on root 
development. 

The root systems of tree seedlings are not necessarily typical for 
the species, nor so controlled by hereditary tendencies as to be inca- 
pable of modification by environmental influences. Numerous in ves- 
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tigators have shown that at least five soil factors — moisture, fertility, 
physical properties, aeration, and temperature — influence the behavior 
of roots. Of these five, moisture and fertility are the most easily 
controlled in the nursery. Harris (10) 2 studying the behavior of 
corn, wheat, and peas, observed that an increase in root branching 
and a decrease in top-root ratio of plants was evident in the drier 
soils. Tucker and von Seelhorst (19), Jean and Weaver (11), and 
Weaver (21) in his study of the ecological relations of the roots of 

native perennial plants on prairie lands, 
are in general agreement. Figure 1, taken 
from Weaver, shows a response of the root 
system strikingly similar to that, obtained 
in the present author’s experiments. 

Carlson (6‘) and Weaver (21 ) are in general 
agreement that hard soil encourages root 
branching, whereas open soil appeal's to 
stimulate the growth of taproots. The 
importance of soil aeration was emphasized 
by Saussure (16) more than a century ago, 
and more recently by Snow (18), Clements 
(7), Barker (1), Cannon and Free (5), and 
Cannon (3, J). Of the few who have con- 
tributed information regarding the influ- 
ence of temperature, Engler (8) determined 
the lowest temperature for root growth of 
conifers to be 5° to 6° C., and Vesque (20) 
made observations on the effect of high 
temperatures on roots. 

The fifth factor influencing root growth — 
fertility — is one that may be controlled in 
the nursery, and may be directly effective. 
It has been noticed that roots actually seek 
food, but that increased root branching 
caused by increased soil fertility may be 
accompanied by an increase in the top-root 
ratio of plants. Von Seelhorst (17) con- 
cluded that liberal fertilization resulted in 
larger and deeper root systems of rye, wheat, 
barley, peas, beans, and beets. Muller- 
Thurgau (13, 14) noted that nitrogen stim- 
ulated vigorous growth of secondary roots. Marcker and Kreusler 
(12, p. 94~101) and Nobbe (15) saturated alternate layers of soil with 
nutrients and after growing clover and corn, observed that the roots 
branched much more freely in the rich than in the poor soil. On the 
other hand, Harris (10) found that fertilizer decreased the root growth 
of wheat, possibly because soil nutrients may not affect all parts of root 
systems in the same way or to the same extent. Bates (2) stated that 
superabundant reproduction of forest trees, on sites that are poor from 
the standpoint of long-term forest production, may be induced because 
the seedlings, half-starved for soil nutrients, root deeply and safely. 

the possibility of modifying the root form of nursery-grown 
treeff by means of fertilization became a subject of study at the 

JJteferenm Is made by number (italic) to “ Literature cited,” p. 145. 
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Savenac nursery, Haugan, Mont. In this paper the results of these 
experiments are reviewed and discussed. 

EXPERIMENTS AT SAVENAC NURSERY 

METHODS OF SOWING PLOTS AND RECORDING RESULTS 

In these experiments on the regulation of root growth, three 4 by 
12 foot beds were used, each divided crosswise by a central board 
partition into two plots of 24 square feet. The soil was excavated to 


h 6 FEET 

INCHES 





Fiqurk 2— Vortical longitudinal sections of experimental plots 


a uniform depth of 10 inches, and excavations were filled with layers 
of sand and soil in the manner indicated in Figure 2. 

The soil used in plot A was not sifted. All other soil was put 
through a screen having two meshes to the inch, except the small 

S uantity used in constructing smooth sowing surfaces for plots A and 
. which was sifted through a screen with three meshes to the inch. 
The finer of these two screens was used for sifting sand, except that 
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used in covering the sown seeds which was sifted through a screen of 
0.1-inch mesh. These sifting processes not only provided more uni- 
form media for root growth, but facilitated precise methods of 
constructing soil layers and sowing seeds. The depth of the various 
layers was accurately gaged by the use of special boards notched so as 
to slide on the lower horizontal side rails of the seed-bed frames. 

The soil intended for each fertilized plot, including B, was in each 
instance thoroughly mixed in a box with 7% pounds of sheep manure 
before placing in the plot. The fertilized soil was compacted in the 
measuring box by jarring and in the plots by tamping it into the 
desired space. Because the same quantity of fertilizer was used for 
plot B as for the others, concentration was less in plot B. 

The sharp contrast in fertility of the 2-inch layers of manured soil 
with the surrounding sand was the condition sought. No measure- 
ments were made of the relative moisture-holding capacity of the 
two media, but samples of sand and unfertilized soil were put through 
sieves in order to show their difference in texture. The resulting 
figures given in Table 1 describe the soil materials more effectively 
than is possible in words. 

Table 1 . — Mechanical soil analysis of representative samples of 407 grams of soil 

and 1,685 grams of sand 


Diameter of particles (millimeters) 

Soil ; 

Sand j Diameter of particles (millimeters) 

| 

Soil ( Sami 

j 

Over 5 

\Per cent 
0. 7 

! 

Per cent ; 

(>. 1 j i ,css than 

Ptr cent Per cent 
l(i. « ; 40. 3 

3 to 

7.2 

12. 2 ' Lost in process ; 

10. 7 1 

10. f> ' Total - 

13.3 | 

.3 J .9 

2 to 3 ! 

1 to 2 ' 

H to 1 j 

8.H ! 
22.3 i 
44. 1 i 

j 

100 0 100.0 


The subsoil below 10 inches was not moved. It consisted of gravel, 
sand, and considerable clay in mixture and was quite dense; but the 
clay apparently contained more plant food than the pure sand used 
in the upper soil layers. 

Sowing was done on May 13, 1924, with an allowance for each plot 
of 10 ounces of western yellow pine (Firms ponderosa) seed collected 
in 1923 on the Bitterroot National Forest in western Montana. 
Sprinkling was frequently done during the spring and early summer, 
to bring out germination, but was less frequently done during the 
second season. Wire-screen frames successfully protected the beds 
from outside disturbance. By the end of the second season each plot 
contained a good stand of seedlings. 

All trees to be removed from the plots for root study were first 
touched with a drop of white paint at the ground line. From a 
trench about 3 feet deep at the end of each plot a tunnel under the 
trees was started, care being taken to disturb none of the soil less than 
14 inches from the surface. The soil was then washed down from 
the roots of the seedlings and into the trench with a garden hose. 
By this method of removing the trees root breakage was avoided. 
From each of the six lots a few trees that were much inferior in general 
development were culled out. Most of these were from hold-over 
germination and a year younger than their neighbors. In the lab- 
oratory the trees were fastened to a board ruled with horizontal 
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parallel lines 1 inch apart and were examined in detail one at a time. 
The painted ground-line of each tree was made to coincide with the 
uppermost line of the board. Roots were allowed to fall together 
in a loose mass as they would when planted, no attempt being made 
to spread out the lateral roots in the position in which they grew. 
All roots more than one-fourth inch long were counted each time 
they crossed a line, and the counts were recorded separately for each 
tree and line. Every 1-inch root segment to a depth of 14 inches was 
thus counted for 105 trees from each of the plots. Averages from 
these figures are given in Table 2, which forms the basis of the 
curves in Figure 3, the significance of which may be more readily 
seen from the graphs. 

Table 2. - Root frequency of 2 0 western yellow pines at different depths when 
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Measurements were also made to determine the effect of the 
fertilization on the plant tops. The figures given in Table 3 show the 
tendency of fertilizer, especially in the deeper 2-inch layers of rich 
soil, to produce large tops. 

COMPARISON OF RESULTS 

In Figure 3 the curves for plots A and B may be taken to indicate 
the typical root development of 2-year-old western yellow pine seed- 
lings. The general shape of the curves suggests the obconical, or 
inverted cone form, of which Haasis ( 9 ) speaks. The slight swelling 
in each of these curves below the 10-inch depth indicates a slight 
stimulation of root growth upon entering the subsoil. The average 
total mass of roots was greater on the trees from plot A than on the 
trees from plot B. 

Table 3.- — Dimensions of western yellow pines grown in soils enriched at various 

depths below the surface 


[Figures are averages based on the measurement of 120 trees from each plot] 


Treatment 

Diam- 
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ground 

Height 
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ground 
to tip 
of bud 

Plot 
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The tree roots from plot C form a similar curve with its greatest 
crest about 6 inches from the ground line, but these trees averaged 
11 roots at that depth as compared with 8 or 9 on the same level 
in plots A and B, and root stimulation in the subsoil seems to have 



AVERAGE NUMBER OF ROOTS 



been greater in plot C. How these differences may be directly traced 
to the sharp contrasts in the soil medium will be made clear as the 
other curves are studied. 

One question is natural here. If the increase in size and sharpness 
of the major crest in curve C is to be ascribed to the presence of the 
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2-inch layer of rich soil, why is it not centered in that layer 2 inches 
nearer the surface? It is not enough to note that the crests of the 
more natural curves A and B are at the same level. Three auxiliary 
reasons may be given: (1) Downward percolation of plant nutrients 
in the soil solution exceeded upward movement by capillarity, so that 
the zone around 5 inches deep became rich in plant food; (2) root 
growth that started under most favorable conditions in the rich layer 
continued downward into the 5-inch zone and affected the counts of 
root segments there; (3) roots that spread widely and approached 
the horizontal in the rich layer increased the root counts in the layer 
below when allowed to fall into more nearly vertical positions on the 
counting board. For these reasons it is found that the response of 
root growth to layers of rich soil are manifest in the curves in the 
lower part of, or just below, the layer of rich soil itself. 

In the curve for plot D the major crest comes at the lower edge of 
the rich layer at the 6-inch depth. This is about an inch deeper than 
the natural crests of curves A and B, and hence the natural and 
artificial crests in curve D do not completely merge. This is in- 
dicated by the slight swelling at the 3-inch and the slight depression 
in the curve at the 4-inch depth' A® in curve C, the response to 
subsoil in curve D is marked. 

In the curve for plot E the position of the artificially produced 
crest bears much the same relation to the rich layer as in the other 
plots, but here it is low enough to be distinct from the natural crest, 
which shows again in its usual position 5 inches from the surface. 
The subsoil crest is present as before. 

In plot F the rich layer was placed just above the subsoil. As the 
curve indicates, this position was so low as to cause the crest from 
rich soil to merge completely with that from the subsoil, so that the 
curve has two crests, the usual one above and the one produced by 
artificial means below, with a depression between at the 6 to 8 inch 
depth. Curves for plots E and F both indicate -relatively large num- 
bers of roots in the deeper layers of soil. Root increases in the sub- 
soil in these plots appear to be largely due to branches which started 
growth in the rich soil not far above. 

The above-mentioned characteristics of the root-frequency curves 
all seem to be consistent except one. If rich soil favors root branch- 
ing and subsequent root growth, as is apparent in most of the plots, 
why should the root mass have been greater in the trees from un- 
fertilized plot A than in those from fertilized plot B? The other soil 
factors known to influence roots — moisture, physical properties, aera- 
tion, and temperature — must have been much the same in the two 
plots, except as the small amount of fertilizer in plot B changed 
them. The fertilizer in plot B would make the soil slightly more 
retentive of moisture than that of plot A, thus tending to reduce the 
relative root growth of plot B, other things being equal. This reason- 
ing may explain the behavior of the soil plots (A and B), but not 
that of the sand plots (C, D, E, and F). Possibly the cause of the 
inconsistency is a matter of general nutrition. The trees in soil grew 
in a natural medium with sufficient nutrient for ordinary needs, 
whereas the trees in sand were in a state of semistarvation and hence 
local root response was stimulated for the benefit of the plants as a 
whole. Unfortunately no plot was made' of ordinary nursery soil 
containing a rich layer. 
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Whatever may be the true cause of this exception, the experiment 
seems to show the possibility of modifying root systems in the de- 
sired direction. The most desirable form of root system resulted 
from fertilized layers of soil 6 to 10 inches deep. 

STUDIES IN FIELD PLANTATIONS 

The extent to which the foregoing results obtained in the nursery 
affected the survival of trees planted in the field was tested. Two 
plantations each of western yellow pines from the six experimental 
plots were made on land typical of the burned-over areas in need of 
reforestation in the region. Just before planting all roots were pruned 
at a point 8 inches from the ground line, because longer roots could 
not be planted economically by the usual methods and with the 
customary tools. The first plantation was made in October, 1925, 
on a southeast slope with four hundred 2-year seedlings from each of 
the six plots. It was examined on August 25 of the following year. 
Although the plants were somewhat small for field use, by reason of 
the low average fertility of the seed beds and some crowding of 
seedlings, they served the purpose of the experiment. 

In 1926 a similar plantation of 200 larger 3-year seedlings from 
each plot was made on a northwest slope, and was examined on 
September 16 of the following year — 1927. The growing season of 
1926 was one of drought; that of 1927 was moist. Thus, three 
conditions account for the generally higher survival of the second 
plantation, as shown in Table 4 — the larger and better-developed 
seedlings, the more favorable site, and the more abundant moisture. 

Table 4. — Effect of modified root systems on the survival of western yellow pine 
seedlings one year after planting in the field 

[Based on a plantation of four hundred 2-0 and two hundred 3-0 seedlings from each of the six nursery plots. 
Average survival percentages were rounded off to the nearest whole number from basic figures carried 
to one decimal place] 

2-0 SEEDLINGS PLANTED ON A SOUTHEAST SLOPE, OCTOBER 8 TO 12, 1925 


Nursery plot 

Depth of 
fertiliza- 
tion 

Alive 

Thrifty 

Un- 

thrifty 

A 

B 

Inches 

0 

0 to 10 

Per cent 
2«} 22 

Per cent 

{ » 

/ 29 

l M 

f 45 
l 40 
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2 

3 

1 

c . 

2 to 4 

30 \ ot . 

I) 
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20 J 28 

2 

E 

0 to 8 

471 .. 

2 
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8 to 10 

42 j 44 
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3-0 SEEDLINGS PLANTED ON A NORTHWEST SLOPE, OCTOBER 8 AND 9, 1920 


0 

0 to 10 

> 

{ 

74 

09 

7 

8 

2 to 4 

> 

{ 

07 

7 

4 to 6 

72 

0 

6 to 8 


{ 

89 

3 

8 to 10 

80 

4 


The relative survival in the field of the trees from the series of six 
plots does not show consistent increases with increases in depth of 
fertilization, but when the figures are grouped in pairs, the average 
results show a tendency toward such an increase. In all cases the 
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percentage survival of the deeply fertilized trees, those exposed to 
a rich layer in the seed bed between 6 and 10 inches below the surface 
and having when planted a highly developed root system between 
6 and 8 inches deep, was distinctly higher. This gives evidence of 
the actual superiority of such trees for planting. 

CONCLUSION 

From experiments at Sa venae nursery in specially fertilized seed 
beds and from frequency curves showing relative root development 
according to depth of fertilizer in each bed, it has been found that the 
most desirable root forms of western yellow pine seedlings suitable 
for field planting occur in seed beds constructed with a layer of rich 
soil at a depth between 0 and 10 inches. Trees from such beds have 
highly developed root systems from 6 to 8 inches below the ground line 
and maintain the highest percentage of survival in field plantations. 

The results clearly indicate the possibility, at least in perfectly 
controlled operations, of stimulating root development locally in any 
desired part of the root system by means of layers of rich soil. Bury- 
ing fertilizers several inches deep may *be expected to stimulate the 
growth of the lower root systems of seedlings by means of the greater 
contrast in zones of fertility, and at the same time to avoid certain 
undesirable effects near the surface of the soil such as unfavorable 
action on subsequent chemical treatments for the control of weeds or 
damping-off fungi, or interference with seed germination. But in 
this the operator must consider the condition of the subsoil. Deep 
fertilization may be wasteful whenever soil nutrients are rapidly 
leached out by downward percolation. At the Sa venae nursery the 
subsoil is sufficiently impervious to prevent serious losses of this kind. 

The results of the experiments herein described, although indicating 
certain possibilities, are at best only suggestive. Pending further 
experimental work and the perfection of root pruning in place and 
other improvements in seedling culture, the old and expensive process 
of transplanting will probably continue to be a necessary part of forest- 
nursery practice. 
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THE USE OF DRESSED-BEEF APPRAISALS IN MEASUR- 
ING THE MARKET DESIRABILITY OF BEEF CATTLE 1 


By Jay L. Litsti, Texas Agricultural Experiment Station, and W. H. Black, 

and A. T. Semple, Bureau of Animal Industry, United States Department of 

Agriculture 

INTRODUCTION 

The most direct, and obvious way of measuring the market desira- 
bility of different lots of cattle is by the prices appraised or actually 
paid for the live cattle by representatives of the packing companies. 
There are, however, several serious objections to this method, the 
most important of which are the following: 

(1) While the total sum paid for a shipment may very closely agree 
with its actual market value at the time of sale, the difference in the 
prices paid for individual lots in the shipment may not represent fairly 
the real difference in the market desirability of those lots. This is 
accentuated by two circumstances — the common practice of selling 
most of the cattle at prices which vary by 25 cents per hundred pounds 
and the usual bargaining psychology whereby a seller who thinks 
that the prices offered for all the lots are a little low finds it more 
expedient to insist on 25 or 50 cents more for one lot than to try to 
get 5 or 10 cents added to the price for all lots. 

(2) The live sales price does not enable one to estimate the varia- 
tion in the market desirability of different steers within the same lot. 
All the steers in a lot either sell at the same price or in some such 
manner as “12 head at $8.75 with 3 out at $7.50.” 

(3) The buyer and salesman are both estimating the kind of 
dressed meat which the steers will produce and the dressing percent- 
ages which will be obtained, and occasionally rather large mistakes 
are made on small lots. 

(4) The price level changes from day to day, And the price of a 
lot marketed this month can not be compared directly with the price 
of another lot marketed a month earlier or a month later. 

The object of the present paper is to describe and illustrate a 
simple, inexpensive method of expressing in a single figure the market 
desirability of a beef carcass. This, the carcass-appraisal method, 
was devised before the grading-chart method (now generally used in 
the nation-wide cooperative study of factors which influence the 
quality and palatability of meat) was proposed. The appraisal 
method appeared to be giving good results and was not abandoned 
when the grading method became available. On three different 
occasions both methods were used, and opportunities were thus 
provided to compare the two methods in a limited way. 

1 Received for publication Feb. 11, 1929; issued July, 1929. 
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DESCRIPTION OF THE CARCASS-APPRAISAL METHOD 

After the cattle are killed and the dressed beef has been in the 
cooler for 24 hours or more, men regularly employed by the packing 
company in selling meat to retailers are requested to estimate for 
each carcass the price which they think they could get for it in their 
regular sales territory. Each man makes these appraisals without 
consulting his associates. The carcasses are scattered about through 
the cooler in whatever order they are received from the killing floor. 
This means that they are not usually grouped together in exactly 
the same lots as the animals were fed. Consequently each carcass is 
appraised without direct reference to the other carcasses of the same 
lot. 

On every occasion, except one shipment to Kansas City, Kans., at 
least threo men were obtained for the appraising. The selection of 
men competent to appraise was made by an official of the packing 
company, usually the superintendent of the dressed-beef department. 
It was explained to this official that appraisers were wanted who had 
had long practical experience in the dressed-beef trade and who might 
be expected to recognize differences in thfybeef and to appraise those 
differences on about the same scale as the retail trade would. Since 
different classes of retail shops have different demands, there were 
usually included among the appraisers men who worked in different 
types of sales territory, so that the average appraisals might have a 
more general significance. For example, at Fort Worth, Tex., the 
appraising committee on several occasions consisted of one salesman 
whose territory was the city of Dallas, another who worked a car- 
route territory in northeastern Texas and southern Oklahoma, and 
a third who worked partly in Fort Worth and partly in car-route 
territory to the south and west. On several occasions the super- 
intendent of the dressed-beef department himself acted as one of the 
appraisers. 

Most of the appraisers had never participated in an afTair of this 
kind and were diffident the first time about matching their judgment 
against that of other salesmen, especially when higher ranking offi- 
cials of the packing company were present. However, it soon became 
evident that the estimates by the different salesmen were paralleling 
each other closely, and whereas on the first few occasions all, or 
nearly all, of the carcasses had been appraised in whole cents per 
pound, later many were appraised in half cents per pound, and on 
the last occasions many were appraised in quarter cents per pound. 
Statistical analysis of the data showed that the accuracy of the 
appraisals increased greatly with this increase in precision, and sug- 
gests that tenths or sixteenths of a cent would not be beyond the use- 
ful limit of the appraiser's ability to distinguish between the market 
desirability of different carcasses. 

ACCURACY OF THE CARCASS-APPRAISAL METHOD 

Table 1 shows the actual* appraisals made for each of the first 
carcasses on which this method was tried, and Table 2 shows the calcu- 
lations involved in measuring the accuracy of the appraisals. The 
method of calculation follows that given in the last two chapters 
of Fisher's Statistical .Methods for Research Workers, 2 and is identical 


* flSHER, R. A. STATISTICAL METHODS FOR RESEARCH "WORKERS. 239 p„ illuS. Edinburgh and 
London. 1925. 
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with that used in a recent study of the accuracy of cattle weights. 3 
The term “ degrees of freedom ” is used to express the number of 
items which are really free to show variation in the data. Since 
variation is figured from the mean, which is itself a calculated figure 
derived from the actual data, one item is required to fix the mean, 
and there are really only 59 degrees of freedom in the 60 original 
appraisals. Since there were three appraisers, 2 degrees of freedom 
are involved in the variation caused by the appraisers not having 
exactly the same price levels in mind and, w’hen the data are corrected 
for this difference in the price levels used by the appraisers there 
remain only 57 degrees of freedom in the data. Since there were 
20 carcasses, 19 degrees of freedom are involved in the variation, 
caused by the fact that the carcasses were not exactly alike, and 
when the data are corrected for the differences between carcasses 
only 38 degrees of freedom remain on which to estimate the error of 
appraisal. The 60 items of original data give us only the same 
amount of information about the accuracy of appraisal that would 
have been gained had one man appraised 39 carcasses which were 
absolutely identical with one anothej. But since it would not be 
possible to find a group of identical carcasses, and there would have 
been no way of knowing by objective methods when two carcasses 
were identical, the error of appraisal has to be measured in this 
indirect way. 


Table 1 . — Appraised values in cents per pound of dressed carcasses of check 
animals killed November , 1924, at Fort Worth , Tex., at the beginning of the first 
K ingsvill e ex peri merit 


Breed and designation nuinhor of individual steers 

Appraisal estima 

Salesman Salesman 
No. 1 ! No. 2 

i 

to of— 

Salesman 
No. 3 

Average 

Herefords: 

Cents 

Cents 

Cents 

Cents 


9 

9 

8 

HH 


9 

9 

8 

83* 

57 . . .... ... 

12 

11 

11 

im 

58 . 

10 

10 

11 

10 Mt 

59 . 

9 

9 

8 

an 

Hereford Brahman crossbreds: 




45 

9 

9 

8 


46.... 

8 

8 

8 

8 

47 . 

9 

8 

8 

8^3 

48 

10 

10 

9 

9?£ 

49 

12 

11 

10 

11 

Shorthorns: 





50 .. 

7 

6 

6 

6 W 

51..... . 


8 

8 

8 Mi 

52 

8 

8 

8 

8 

53... 

8 

7 

8 

7H 

54 

9 

9 

8 

m 

Shorthorn-Brahman crossbreds: 




60 

9 

9 

10 

9 Mi 

61 

8 

8 

8 

8 

62 

8 

8 

8 

8 

63.. 

9 

10 

10 

9^ 

64.. 

8 

9 

8 

8 ^ 

! 

Average 

8 . 975 

8.800 

8 . 550 

8 . 775 


3 Lush, J. L., Christensen, F. W., Wilson, C. V., and Black, W. H. the accuracy of cattle 
weights. Jour. Agr. Research 36: 551-580. 1928. 
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Table 2. — Calculations of the accuracy of the appraisals shown in Table 1 

[Analysis of variance] 


Cause of variation 

! 

X: '“n ; 

Mean 
variance 
per decree 
of free- 
dom 

Total 

variance 

| 

All causes 

59 i 1.237 

2 : 

57 1.245 

iu : . 

38 ,. r )0. r ) 

1.5290 

.9125 

1. 5500 

4. 1428 
. 2540 

90. 212 
1. 825 
88. 387 
78.712 
9. 075 

Difference in appraisers’ price levels 

Remainder-- _ - 

Differences between steers 

Final remainder or error in appraisal a 


a See text for explanation. 

Intraclass correlation 1 * ^ ^-=+0.830 


The “ error in appraisal” shown in the last line of Table 2 expresses 
the variation which would remain in the individual appraisal prices 
if the appraisers all had the same price level in mind and if the steers 
were so nearly alike that the average appraisal prices for all the steers 
were identical. In other words, it is a measure of how much these 
three salesmen disagreed among themselves. Perhaps an easier 
way to visualize this difference is to imagine that an infinite number 
of meat salesmen (of whom the actual three are a random sample) 
might appraise these carcasses with the same price level in mind. 
Then the appraisals of each carcass by each salesman would deviate 
at least slightly from the average of the infinite number of appraisals 
of that carcass. The figure, 0.505 cent per pound, in the last line of 
Table 2, is the standard deviation of the difference between one 
salesman's appraisal of a carcass and the average appraisal of the 
same carcass by an infinite number of similar salesmen. It may also 
be considered as the standard deviation of one salesman’s appraisals 
on a group of carcasses which would all have equal average values if 
appraised by an infinite number of salesmen. In short, it is the stand- 
ard error of appraisal. It is itself a compound figure measuring both 
the differences between the ideals of different salesmen and the inabil- 
ity of the same salesmen always to set exactly the same price on 
carcasses which are identically alike. Which of these two sources of 
variation is the more important is not revealed by these data. 

The intraclass correlation may be considered as a sort of average 
figure expressing the correlation between the prices set by different 
salesmen on the same carcasses. It does not measure in actual 
units the accuracy of the appraisal because it will be higher on groups 
where there are large differences between the carcasses than on groups 
where the carcasses show very small differences, even though the 
appraisers can come within the same number of cents per pound of 
agreeing with each other in both cases. The intraclass correlation is, 
however, useful in comparing the unanimity of opinion among the 
salesmen making the appraisals and the unanimity of opinion among 
the men using the grading-chart method when both groups of men 
work on the same carcasses. 

One other point requires explanation. The data in Table 1 are 
treated in Table 2 as if all the steers belonged to a single lot. Each 
lot or breed might have been treated by itself. The effect of such a 
treatment would have been to bring all three appraisers to the same 
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price level for each of the four lots instead of merely bringing them to 
the same price level for all four lots combined. This would not sensibly 
have changed the figure for the accuracy of the appraisals unless the 
ideals of the appraisers differed in regard to the desirability of the 
type of carcass associated with an entire group. With cattle of such 
distinct types as Herefords or Shorthorns and the Brahman crossbreds, 
such a difference of opinion was likely to occur. Consequently on 
every occasion the data were analyzed both lot by lot and as a total 
regardless of lot divisions. The lot-by-lot analysis eliminated any 
prejudice for or against an entire lot which one salesman might have 
had but which was not shared by the other salesmen. The analysis 
of the totals includes such a prejudice as part of the error of appraisal. 
The former viewpoint would be most nearly correct for such studies 
as differences between steers in the same lot, correlations of individual 
prices within a lot with other measurable characteristics such as 
weight, previous gain, etc. The accuracy based upon totals seems the 
most suitable for use in comparing differences between lots or between 
individual steers belonging to different lots. A lot-by-lot analysis 
of the data in Table 1 is shown in Table. 3. 


Tab mo 3 . — A lot-by-lot analysis of the data given in Table 1 





i Standard 

1 deviation 

Intra- 


Group 


; of error 

eorrela- 




i in ap- 

tion 




I praising 


1 lerofords 



0. 548 

+0. 827 

Ilereford-Brahrnans 



. 428 

+ .885 

Shorthorns 



- . 408 

-f .811 

8 hor thorn - B rah man s 



| .428 

+. 750 

Average . 



! a . 450 

— 


a LSee text for explanation. 


The average standard deviation was obtained by squaring each 
standard deviation, multiplying these squares by the number of 
degrees of freedom on which each is based, adding, dividing the sum 
by the number of degrees of freedom, and extracting the square root 
of the quotient. This method was followed wherever standard devia- 
tions were averaged in this paper. In this particular case there is no 
conclusive evidence that these appraisers held a different attitude 
toward the different types of carcasses for, while the figure 0.456 is 
actually lower than the figure 0.505, the difference does not even 
approach statistical significance. However, in the grand average of 
all appraisals on all occasions, this difference, while still of about the 
same magnitude, does become statistically significant because it is 
based on numbers so much larger. Thus there is evidence that, on 
many occasions at least, the appraisers differed significantly among 
themselves in regard to the relative value of a certain type of carcass 
characteristic of an entire lot of steers. This of course is not sur- 
prising in view of the fact that on every occasion there was at least 
one lot carrying three-eighths or more of Brahman blood and at 
least one lot quite free from Brahman blood. In the usual feeding 
experiment where all the lots are equally divided with respect to 
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breed and sex, such a difference in the attitude of the appraisers toward 
certain lots would probably not be encountered. 

These appraisals were made on nine different occasions and in three 
different packing plants. In all, 42 lots of cattle differing in breed or 
in method of feeding and including a total of 429 steers, were ap- 
praised. Besides the steers fed during three years at Kingsville, 
Tex., the steers used in two years of feeding experiments at Spur, 
Tex., were included. The weighted average standard deviation of 
the appraisals for all cattle (after eliminating differences in price 
level and differences between carcasses) was as follows: 

(1) Analysis of each lot of steers separately (based on 786 de- 

grees of freedom) — 0.421 cent per pound. 

(2) Analysis when all steers slaughtered at one date are re- 

garded as a single group (based on 848 degrees of freedom) 

— 0.467 cent per pound. 

The difference between these two figures, although small, is quite 
significant statistically and is the evidence previously mentioned that 
on some occasions, at least, the appraisers were not agreed on how to 
value a type of carcass characteristic of an entire lot of steers. 

There was much variation in the size^of this standard deviation, 
which ranged from as high as 0.77 cent in one case to as low as 0.11 
cent in another. The only very evident cause of this variation was 
the degree of precision with which the appraisers worked. The evi- 
dence on this point is given in Table 4. If even a single appraisal was 
given in half cents (as was the case in Table 1) the whole group of 
appraisals on that occasion was classified as being in half cents. 
Thus even among the appraisals classified as being made in quarter 
cents, an unduly large number were given in whole cents or half cents 
and distinctly less than half of them were given in quarter cents. 
With this in mind it should be clear from Table 4 that the salesmen 
were still far from reaching the limits of their appraising ability when 
they made appraisals in quarters of a cent. In order to get approxi- 
mately full value out of data, the grouping interval should be at least 
four times as large as the standard deviation. Even with the finest 
degree of precision used here, the grouping interval (quarters of a 
cent) is almost as large as the standard deviation of the error of the 
appraisal. Apparently these salesmen were so well agreed as to what 
makes a carcass desirable or undesirable to the trade that the data 
would have been still more valuable had they appraised the carcasses 
with a still finer degree of precision; for example, to tenths or six- 
teenths of a cent per pound. 


Table 4. — The relation between precision of appraisals and the size of the errors 

in appraising 


Precision of appraisal 

Degrees 
of free- 
dom 

Standard deviation of 
error in appraising 
(cents per pound). 

Range 

Average 

In whole cents: 




Lot-by-lot analysis . _ 

52 

0. 53-0. 75 

0. 656 

Analysis of total _ 

58 

.77 

.767 

In half cents: 




Lot-by-lot analysis 

350 

. 28- . 62 

.508 

Analysis of total. 

379 

. 42- . 67 

. 550 

In quarter cents: 




Lot-by-lot analysis. ... — . 

384 

. 11- .43 

.265 

Aaigpsis of total 

411 

. 24- . 36 

.297 
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COMPARISON OF THE CARCASS-APPRAISAL METHOD WITH THE 
GRADING-CHART METHOD 

On three occasions when 14 lots of cattle totaling 171 head were 
used the carcasses were not only appraised as described above but 
were also scored by the grading committee working on the national 
cooperative project “ factors influencing the quality and palatability 
of meat/ 7 Two of these three occasions were during the first year 
of this grading committee’s work, when the methods were still being 
developed and some of the members of the committee were still 
somewhat inexperienced in the procedure of grading carcasses. The 
results must therefore be considered as extremely tentative. The 
comparison is made at this time because these three occasions are 
the only ones known to the writers on which both methods were 
used and there is no definite prospect of further data of this kind 
becoming available. 

In the carcass grading the several members of the committee 
worked independently, as did the packer salesmen in making their 
appraisals. The graders examined each carcass both in general and 
in detail and graded it with respfect t# each of 40 different characters 
or points. Conformation, finish, and quality were the general char- 
acteristics considered. Compactness, thickness of flesh and external 
fat, marbling, texture and color of lean, conformation and finish of 
loin, rib, chuck, rump, and round, and other details were graded. 
Seven grades — prime, choice, good, medium, common, cutter, and 
low r cutter — with three subgrades in each, were recognized. The 
total score, representing the grade and subgrade of the carcass, was 
obtained by adding the numerical values correspondn g to the grad- 
ings of the 40 points. The committee grading of the carcass was 
represented by the average of the total scores of the different mem- 
bers of the committee. This method of judging the market desir- 
ability of beef carcasses has the distinct advantage, from the research 
standpoint, of involving consideration of the inherent causes of the 
differences and a record of the causes. 

The standard deviation of the error in the total score for each 
carcass, calculated in the same way as described above, was — 

Lot-by-lot analysis, based on 361 degrees of freedom — 1.71 per 
cent. 

Analysis of totals, based on 386 degrees of freedom — 1 .80 per 
cent. 

The difference between these two figures suggests that the grading 
committee, like the salesmen, could not always agree on how to rate 
a type of carcass characteristic of an entire lot of steers. The differ- 
ence in this case, however, is smaller and not surely significant, since 
a difference as large or larger than this could happen by chance alone 
somewhat oftener than once in twenty times. 

Since an average error of 0.421 cent can not be compared directly 
with an average error of 1.71 per cent, the direct comparison of the 
degree of agreement among the appraisers and of the degree of agree- 
ment in the grading committee was made by comparing the intraclass 
correlations on the same groups of steers. Such a comparison is 
shown in Table 5. The average correlations presented in Table 5 
are simple unweighted arithmetical averages of the intraclass correla- 
tions shown there, and probably should be a little higher because 
large correlations ought to receive more weight than small ones in a 



154 


Journal of Agricultural Research 


Vol. 39, No. 2 


highly accurate method of averaging and also should be weighted 
in some manner according to the numbers involved. The intraclass 
correlations shown were calculated exactly as shown in Table 2 
without correction for any bias caused by the smallness of numbers. 
If properly corrected for this bias these correlations would each be 
slightly higher than the uncorrected values actually shown. 

Table 5. — Comparison of the degree of agreement in the grading committee and 
the degree of agreement among the packer salesmen 


Group of cattle 


Second Kingsville: 

A, March slaughter — 

Lot 1 . . 

Lot 2 

Lot 3 

Lot 4 

All steers as a single lot 

B, April slaughter — 

Lot 1 

Lot 2. . 

Lot 3« . 

Lot 4 . 

All steers as a single lot. 

Third Kingsville: 

Nos. 1-13 

Nos. 14-25. . 

Nos. 26-50 

Nos. 51-75 fc... 

Nos. 70-88 

Nos. 89-100 .. 

All steers as a single lot. . 

Unweighted arithmetical averages of— 

14 single lots each calculated separately 

3 slaughtering occasions, each calculated as a 
single group 


Car- 

casses 

Graders 

Intra- 
class cor- 
relation 
of grad- 
ing com- 
mittee's 
carcass 
grades 

Sales- 

men 

In tra- 
ct ass cor- 
relation 
of sales- 
men's 
prices on 
meat 

A 'u mbcr 

o 

8 

8 

r 

Number 

4 

4 

4 

4 

4 0. 780 
+ .424 
.910 
+ .503 

Number 

3 

3 

3 

3 

+0. 800 
+ . 777 
+ .080 
+ . 731 

31 

4 

4- .038 

3 

+ .809 

15 

3 

+ .708 

2 

+ .009 

15 

3 

4- .840 

2 

4 

.810 

13 

3 i 

4 .097 

2 l 

+ 

. 119 

10 

3 

+ .802 ! 

2 

+ .802 

53 

3 

4- • 790 

2 

+ .541 

13 

i 

3 | 

4-. 799 

3 

+ .871 

11 

3 i 

4*. 804 j 

3 

+ .943 

24 

3 ! 

+.793 

3 

+ .873 

14 

3 j 

+. 045 

3 

+ .595 

13 

3 

+ .793 

3 

+ .805 

12 

3 

+. 759 

3 

+ .915 

87 

3 

+ . 705 

3 

+ .875 

171 

4 and 3 , 

+ . 740 

3 and 2 

4 • 747 

171 

4 and 3 

+ . 731 

3 and 2 

4- 

.742 


n 1 carcass in this lot w as not graded and therefore w as also omitted from the price correlation. 
h 10 carcasses from this lot were graded but were shipped before they could be appraised. Therefore they 
are also omitted from the correlation of the grades. 

It will be seen that on the first occasion the correlation was higher 
for the salesmen than for the grading committee on the total ana on 
three of the four lots. This was the occasion on which the grading 
committee had had least experience. On the second occasion the 
correlation was higher for the grading committee than for the sales- 
men on the total and on three of the lots and was the same on the 
fourth lot. The second occasion was the first and only time the price 
appraisals were secured at a Kansas City plant, and only two men 
participated. The correlation between their appraisals was distinctly 
lower than most of the correlations, although there were scattered 
cases of correlations lower than this for single lots on other occasions. 
On the third occasion the correlation was higher for the salesmen on 
the total and on five of the six lots. 

From a study of the figures in Table 5 it may be concluded that 
there was no great difference in the degree of agreement among the 
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salesmen and that among the members of the grading committee, 
since the average for the correlations of prices and the correlations of 
grades are almost identical. 

DEFECTS OF THE CARCASS-APPRAISAL METHOD 

The appraisal method has some distinct disadvantages, among 
which are the following: 

(1) The price is given for the carcass as a whole and it is therefore 
impossible to determine from the data whether a low price is due to 
overweight, insufficient fatness, dark color, “staggv” conformation, 
or other causes. 

(2) The price level in the dressed-beef market is constantly chang- 
ing, and prices appraised at one time may not be directly comparable 
with prices appraised a month earlier or a month later. This diffi- 
culty could of course be overcome in large part by transforming the 
appraised prices into some kind of index numbers based on the general 
price level of the dressed-beef market, but even then there would 
remain some question as to whether the appraisers were exactly in 
step with market changes or whether 4 hey lagged behind a little. 

(3) The price level is slightly different in different markets for differ- 
ent classes of beef. For example, heavy beef is quite unpopular in 
the Southwest for all except a very limited hotel and club trade, but 
is in much greater demand in the industrial regions of the Northeast. 
Moreover, fatness does not usually carry as large a premium in the 
South as it does in the Northeast. Consequently a lot of heavy fat 
steers probably would not receive as great a premium over a lot of 
slightly thinner, much smaller steers if appraised by salesmen familiar 
only with the country-trade territory around Fort Worth as they 
would if appraised in Jersey City, N. J., by salesmen familiar with 
that trade territory. 

In view of these defects the appraisal method can not, of course, be 
recommended where one desires to determine the reasons for a carcass 
being desirable or undesirable. As a method of describing the details 
of the individual carcasses the method is useless, but where one wants 
merely a measure of the desirability or undesirability of the carcass 
as a whole the appraisal method has the advantage of being inexpen- 
sive and reasonably accurate. It also has the advantage (for some 
purposes) of being readily translatable into differences between the 
prices of live steers, and hence of permitting, on a somewhat sounder 
basis than heretofore, the estimation of profits or losses from different 
methods of breeding, management, or feeding. Both the appraisal 
method and the grading-chart method possess the very important 
advantage of enabling the investigator to measure the variation 
within lots and thus to make an estimate of whether differences in 
sale prices are significant or accidental. 

TRANSLATION OF APPRAISAL PRICES INTO LIVE-WEIGHT PRICES 

The simplest method of translating the dressed-meat prices into 
live-weight prices consists in multiplying the average appraised price 
for each lot by the number of pounds of chilled beef produced from 
that lot and dividing the product by the -sales weight of the corre- 
sponding live animals, or (which is the same thing) multiplying the 
average appraised price per pound by the commercial dressing per 
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cent. The figure thus obtained would, however, express only the 
value of the meat per pound of live weight. With beef cattle the 
by-products are so important that the beef often sells for less than the 
live-cattle cost. According to Clemen, 4 meat furnishes only 87.3 
per cent of the packer’s total revenue from steers, hides furnish 8.6 
per cent, and by-products furnish the remaining 4.1 per cent. The 
problem is further complicated by the fact that costs and profits or 
losses of the packing company vary not only from plant to plant but 
from day to day and from lot to lot on the same day. Add to this 
the fact that the appraised prices for the meat may not actually be 
realized in the final sale, and it becomes clearly evident that there 
can be no entirely accurate method of determining what the packer 
should have paid for the entire shipment in order to obtain a given 
percentage of profit. It is possible, however, to estimate with a fair 
degree of accuracy what the differences should have been between 
the prices paid for the different lots in any one shipment. 

Moreover, it is often desirable to express prices, which are based 
on meat values, at about the same price level as the prices actually 
paid for the cattle. This can be accomplished roughly by several 
methods. The simplest (hereafter called method A) is to add to 
(or subtract from) the meat value per pound of live weight for each lot 
a constant figure of such size that the unweighted average price for all 
lots would be the same as the unweighted average price actually paid. 
In Table 6 are shown the data for four Jots of steers marketed in May, 
1925, from an experiment at the King ranch, Kingsville, Tex. The 
meat values average 69 cents per hundred pounds of live weight less 
than the actual sales prices were. Consequently the corrected sales 
prices shown under method A are obtained by adding 69 cents to the 
meat value for each lot. This correction has the effect of making the 
corrected sales prices average the same as the actual sales prices but 
adjusts the differences between lots to conform to what was found out 
later about dressing percentages and about the appraised values of 
the dressed meat. According to the correction, it appears that the 
buyer slightly underestimated the price for the Hereford lot and the 
Shorthorn-Brahman lot or overestimated the price for the other two 
lots. The difference is not large nor was it so in most cases, but 
occasionally there were lots on which the buyer seemed to go rather 
far astray. Doubtless the prices at which the live animals are bought 
or appraised would be more accurate if one could get averages of prices 
appraised independently by several buyers and salesmen. 

Table 6. — Methods of translating dressed-meat prices into live-weight prices 





Prices of— 


Item 


Here- 

fords 

Here- 
ford- 
B rah- 
mans 

Short- 

horn- 

Brah- 

mans 

Short- 

horns 

Average dressed-meat prices 

— per hundredweight.. 

i 

$15. 11 

$14.23 

$13. 38 

$14. 89 

Commercial dressing percentage 

Meat value of live weight. 

57.2 

59.4 

61. 4 

56.6 

per hundredweight. . 

$8.64 

$8. 45 

$8. 22 

$8. 43 

Actual sales price 

Corrected sales price: 

Method A 

•-r dO i 

9.25 

9. 25 

8.75 

9.25 

do 

9. 33 

9.14 

8.90 

9.12 

Method B.--* : 

do 

9. 33 

. 9. 15 

8.90 

9.11 


* Clemen, R. A. by-products in the packing industry. 410 p., illus. Chicago. 11927.] 
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In method B, which is more complicated, the total meat value of 
the shipment is made equal to the total net proceeds actually received 
by the shipper. The necessary total correction is divided among the 
total carcass values for the different lots in proportion to those total 
values. In method B the correction is a proportion of the meat 
values per hundred pounds of live weight and is most extreme for 
the lots having the highest meat value per pound of live weight, 
while in method A the correction is a flat amount and is the same for 
all lots. Which method has the more logical basis depends upon 
whether the buyer of the live cattle makes his mistakes as a general 
rule on a percentage basis or on a flat basis. For example, if the buyer 
is just as apt to make a half-cent mistake on an 8-cent lot as he is on 
a 16-cent lot, then method A is the more accurate. On the other hand, 
if 1-cent mistake on the 16-cent lot is just as likely to occur as a 
half-cent mistake on an 8-cent lot, then method B is more accurate. 

In determining the general level of the corrected prices method A 
gives equal weight to all lots whether they contain few steers or many, 
while method B gives weight to the different lots according to the 
price and weight of the live cattle in«the lot. Method B is thus to 
be preferred from the accountant’s standpoint. Method A would 
be preferred by the research worker who regards each lot as a repre- 
sentative sample from a very much larger population and conceives 
it to be only an incidental matter that there were only a few steers 
in one lot and many in another. 

In most cases the two methods agree very closely, but the agree- 
ment is unusually close in the example used in Table 6. Both methods 
are very rough approximations and must compromise on many points. 
For instance, in obtaining the average dressed-meat price all car- 
casses in a lot are given equal weight. From the point of view of an 
accountant it might be more desirable to give more importance to 
the heavy carcasses and less to the light ones. Such weighting of 
the average dressed-meat prices was not done in this study. The 
probable errors of the corrected sales prices shown in Table 7 were 
obtained simply by multiplying the average commercial dressing 
percentage of the lot and the probable error of the average dressed- 
meat prices. Besides that part of the error of appraisal which is not 
eliminated by using the average of three independent appraisals these 
probable errors also include the sampling error arising from the fact that 
the carcasses are not all alike in any lot. This sampling error is much 
more important than the error of appraisal in nearly all lots included 
in these studies. The probable errors shown in Table 7 are only very 
rough approximations, as, for most purposes, one would want also 
to take into account the additional sampling error arising from varia- 
tion in dressing percentages within each lot. Nor is the fact taken 
into consideration that the lots are carefully balanced according to 
the best judgment of the investigator when the experiment begins. 
A portion of the variation is thus foreseen and discounted before 
the experiment begins and should not be included in the real probable 
error, if there were a reliable method of measuring it. However, if 
we regard differences of less than twice their probable errors as not 
requiring explanation and differences of more than four times their 
probable errors as almost certain to mean a real difference in the 
market desirability of the two lots, we shall probably not be led very 
far astray. Certainly we would have a clearer understanding of the 
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situation than if we used only the actual sales prices and hence had 
no approximation at all of the probable error of those prices. 

Table 7. — Comparison of prices actually paid and prices corrected to conform to 

appraised carcass prices 


Designation of cattle 


Kingsville, first year: 

At beginning of experiment 

Here fords .. .. 

I lereford-Brahmans 

Shorthorn-Brahmans. 

Shorthorns 

After 120 days of feeding— 

Ilerefords 

Hereford-Brahmans.. 

Shorthorn-Brahmans 

Shorthorns. 

After 179 days of feeding- 

II orefords 

1 lereford-Brahmans 

Shorthorn-Brahmans 

Shorthorns 

Kingsville, second year: 

At beginning of experiment - 

Ilerefords . 

Shorthorn-Brahmans (first cross) 

Shorthorn- Brahmans, Fj. . - 

Shorthorns 

After 120 days of feeding— 

Ilerefords 

Shorthorn-Brahmans (first cross) 

Shorthorn-Brahmans, F* 

Shorthorns 

After 1/50 days of feeding - 

Ilerefords 

Shorthorn- Brahmans (first cross) 

Shorthorn-Brahmans, Fa 

Shorthorns 

Kingsville, third year: 

Dot 1, Ilerefords and Shorthorns .... 

Dot 2, Shorthorn-Brahmans. 

Dot 3, Shorthorn-Brahmans. . 

Dot 4, Ilerefords and Shorthorns 

Spur, 1924-25: 

3-year-olds— 

Ilerefords 

Hereford-Brahmans 

2-year-olds— 

Ilerefords . 

Hereford-Brahmans (station bred) 

Hereford-Brahmans (purchased) 

Spur, 1 925-2(5: 

2-year-olds— 

Ilerefords. 

Hereford-Brahmans (first cross) 

Back crosses 

Yearlings— 

Ilerefords 

Hereford-Brahmans (first cross; 

Back crosses ... 

Spur, 1920-27 : 

Yearlings— 

Ilerefords 

Hereford-Brahmans (first cross) 

Back crosses 

Swenson grade Ilerefords fed— 

Ground milo heads... 

Ent ire ration ground 

Entire ration unground. 


iPrices per J00 pounds live weight 


Actually 

Corrected by — 

paid 

Method A 

Method B 


— 

— 

Dollar a 

Dollars 

Dollars 

4. 75 

5. 07±0. 21 

5. 00 

5. (X) 

4.90d= .21 

4. 87 

4. 75 

4. 55± • 13 

4.59 

4.00 

3. 98± . 14 

4. 10 

8. 25 

9. 08 db .05 

9. 03 

9. (X) 

8. 73 dt . OS 

8. 71 

8. 50 

7. 99± . 10 

8. 02 

7. 75 

7. (59 rh • 19 

7. 78 

9. 25 

9. 33 dr . 04 

9. 33 

9. 25 

; 9. 14± . 05 

9. 15 

8. 75 

! 8. 90=b .04 

8. 90 

9. 25 

! 9. 12=fc • 0(5 

9. 11 

6. (X) 

5.70dr . 18 

5. (59 

5.00 

1 4.47dr . 18 

4.51 

(5. 82 

1 7. 53 dr . 19 

7.47 

5. 95 

(5. 08± . 21 

(5. 07 

9. 35 

9. 45;fc . 1 1 

9. 46 

9. 15 

! 8. 94 ± -07 

8. 99 

8. 85 

| 9. 2(5 dr ■ 07 

9.28 

9. (50 

; 9. 30 dr .0(5 

9.31 

9. (X) 

1 8. (57 dr . 04 

8.67 

8. 50 

8. 55 dr . 03 

8. 56 

8. 50 

8. (55 dr .05 

8. 06 

8. 50 

8. (54 dr .04 

8. (54 

9.00 

8. 7<idr .07 

8. 75 

9.00 

9. lldr .05 

9. 10 

9.00 

9. 20dr .05 

9. 19 

8. 50 

8.43dr .04 

| 8. 43 

8. 88 

8. 62 dr .05 

8.62 

9.00 

8.82dr .09 

8.81 

7. 50 

7. 95 dr . 05 

7.99 

8. 50 

8. lldfc . 18 

8. 14 

8. 50 

8. 89 dr . 18 

8.88 

9. 50 

9. 75 dr . 03 

9. 70 

9. 50 

9. 75db . 05 

9. 70 

9. 50 

9. 57 dr . 04 

9. 52 

10.00 

9. 89dr . 0.5 

9.84 

10.00 

9. 82dr . 05 

9. 78 

10.00 

9. 73d: . 04 

9. 68 

9.50 

9. 61dr . 06 

9.58 

9.9(5 

9. 65 dr . 08 

9. 62 

10.00 

9. Old: .06 

9.58 

9. 65 

10. 20dr . 07 

JO. 19 

9. 73 

9.95dr .06 

9.94 

9.74 

9. 66 dr . 07 

9.54 
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Considering the amount of approximation involved in thus trans- 
lating dressed-meat prices back into live-weight prices, the question 
may well be raised whether such translation is worth while. In the 
writers’ opinion it is worth while for popular presentation because it 
combines in one figure the effects of differences in price per pound 
and differences in dressing percentage. Such translation may not be 
necessary in technical publications, for the readers of these can keep 
in mind the separate consequences of dressing percentages and desir- 
ability of meat. However, in their studies of Brahman cattle, the 
writers have usually had to deal with cases where the higher dressing 
percentages are associated with the lower values per pound of the 
dressed meat, and in such cases it is not always easy to see at a glance 
which combination of factors results in the greater market desirability 
of the live animal. 

Table 7 presents the actual and the corrected prices for all the 
shipments made during three years of cattle-feeding experiments at 
Kingsville and at Spur, Tex. The probable errors shown for method 
A might with equal justification have been shown for method B, but 
in the latter case they have beeti omitted to prevent the table from 
becoming needlessly complicated. 

Even though the probable errors given in Table 7 are only rough 
approximations, it seems evident that differences of less than 15 or 
20 cents per hundred pounds of live weight can rarely be considered 
as significant unless they occur again and again each time the experi- 
ment is repeated. And yet differences smaller than these have fre- 
quently determined the relative profitableness of two lots in published 
reports of feeding experiments. 

In surveying the whole group of data in Table 7 one can not avoid 
being impressed by the closeness of agreement between the actual 
prices paid by the buyer for the live animals and the prices which 
dressing percentages and subsequent appraisal of the dressed meat 
showed. This general rule has its striking exceptions, however, as in 
the case of the second shipment during the first year of feeding at 
Kingsville, where the Hereford lot was very distinctly undervalued. 
On the contrary, in the final shipment during the second year at 
Kingsville, the Hereford lot was distinctively overvalued by the 
buyers. Among the 1925-20 steers from Spur, the 2-year-olds were 
undervalued and the yearlings were overvalued by the buyer. The 
previous year the buyers had favored the older cattle slightly more 
than the younger ones. 

A casual survey of the data does not reveal any consistent penalizing 
of any age or type of cattle, beyond what the appraisal values of the 
beef justify. The nearest approach to this is in the second year of 
Kingsville feeding where the double-cross (F 2 ) Shorthorn-Brahmans 
were bought at less than their meat value would justify at all three 
marketings. During the first year at Kingsville, Brahman cattle 
were overvalued five times and undervalued once. During the sec- 
ond year they were overvalued twice and undervalued four times. 
During the tnird year they were undervalued both times. During 
three years’ marketing from Spur, the Brahman lots were overvalued 
six times and undervalued three times. In all, 13 of the 23 lots con- 
taining Brahman blood were overvalued and 10 were undervalued. 

The buyer’s judgment can not be disregarded entirely, and in 
cases where he disagrees markedly with the dressed-beef appraisals 
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it should probably be assumed that the true value lies between the 
two estimates but much nearer to the estimate of the carcass ap- 
praisers. It is concluded from this study that in the carcass-ap- 
praisal method we have an inexpensive and much more refined weapon 
for attacking the problems of the relative market desirability of 
different lots of cattle than when we merely accepted the sales price 
as correct. The carcass-appraisal method eliminates the guessing 
about dressing percentages and how the carcass will appear when 
dressed. It measures the variation in the desirability of different 
carcasses in the same lot and thus permits an estimation of the sig- 
nificance of differences between the market desirability of various 
lots. It seems worthy of much more confidence than the actual 
live-weight selling price, but the latter should not be entirely ignored. 

THE MAGNITUDE OF ERRORS IN LIVE-WEIGHT PRICES 

The question is frequently raised whether it would be commercially 
practical or desirable to sell beef on the basis of dressed weights and 
grades and thus to eliminate the guessing about dressing percentages 
and about how the meat will appear when dressed. If such a com- 
mercial practice would insure that each individual producer would 
be paid more nearly on the basis of the quality of the cattle he sells 
than he is paid at present, it would to that extent be desirable. The 
data presented herewith have some bearing on this question, inasmuch 
as they throw light on the accuracy of carcass appraising and grading. 
They also throw light indirectly on the question of the accuracy of the 
live-weight prices. 

If it could be assumed that the prices given in Table 7 under 
method A were absolutely correct, then it would develop that the 
mistakes in the live-weight prices ranged from —83 to -f 53 cents 
per hundred pounds. If we give equal weight to every lot in Table 7 
there will be 45 differences between the live-weight prices and the 
prices corrected according to method A, but only 35 degrees of free- 
dom, since the corrected prices were so calculated that their average 
had to equal the average of the actual prices for each of the 10 
marketing occasions. The standard deviation of those differences is 
34.7 cents per hundred pounds where method A is used as the standard 
and 33.8 cents where method B is used. But it can not be assumed 
that the prices arrived at by either method A or method B are ab- 
solutely correct. They are subject to a slight standard error of 
appraisal which theoretically varies inversely with the square root 
of the number of steel's in the lot and the number of appraisers, and 
which is of about the magnitude of 3 to 4 cents per hundred pounds 
of live weight on lots of 8 to 12 steers where three men do the apprais- 
ing. (The error of random sampling among the steers would not be 
included here.) The standard deviations of 34.7 and 33.8 cents 
mentioned above are therefore standard deviations of differences 
and would be reduced slightly if the error of appraisal in the cor- 
rected prices could be eliminated. This reduction would be ex- 
tremely slight, however, if the error of appraisal is anywhere near as 
low as has been indicated. At all events the standard error of 
appraising in the live-weight sales price seems to be in these data 
approximately 30. cents per hundred pounds of live weight or perhaps 
a little more. Expressed more concretely, this means that if these 
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data constitute a fair sample of market practice, the buyer buys half 
of the lots of cattle at within about 20 cents per hundred pounds of 
live weight of the price which they are really worth. Conversely, 
half of them are bought at more than 20 cents above or more than 20 
cents below their real value on that market. About 5 per cent of 
them are bought at more than 60 cents too high or more than 60 
cents too low. This is done unintentionally and with no desire on 
the part of the buyer to discriminate against any type or age of 
cattle. It results solely from the fact that it is impossible for the 
buyer always to estimate correctly the dressing percentage and the 
appearance of the dressed meat from live cattle. 5 

SUMMARY 

Salesmen employed by packing companies show a high degree of 
agreement as to what constitutes desirable beef in the eyes of the 
retail butcher. The standard error of the appraising of a single 
carcass by one salesman, the market level being constant, ranged 
from as low as 11.2 to as high as 75 . L cents per hundred pounds of 
dressed meat on single lots and from as low as 24.4 to as high as 76.7 
cents per hundred pounds of dressed meat w here an entire shipment 
of several lots was studied as a single lot. The weighted average of 
all these standard deviations w 7 as 42.1 cents where only a single lot 
is considered and 46.7 cents where an entire shipment is considered. 

A more detailed analysis of these figures shows that these average 
standard deviations are reduced to 26.5 cents and 29.7 cents, respec- 
tively, when we include only those shipments on which the salesmen 
made appraisals in quarters of a cent per pound. The data suggest 
strongly that salesmen can appraise meat wfith a reasonable degree of 
accuracy to at least as fine a degree of precision as tenths or sixteenths 
of a cent per pound. 

With the usual experimental lot of 10 steers, and with three sales- 
men appraising independently with a degree of precision at least as 
fine as quarters of a cent per pound, the findings of this study indicate 
that the probable error of the accuracy of the average appraisal of 
the lot would be about 3.4 cents per hundred pounds of dressed meat 
on the single-lot basis and about 3.7 cents per hundred pounds of 
dressed meat on the basis of the entire shipment. The appraisal 
method would therefore be accurate enough to detect differences 
larger than 10 to 15 cents per hundred pounds in the average value of 
the dressed meat from two experimental lots of the usual size, if each 
lot were perfectly uniform. 

Additional variation between the carcasses of each lot will nearly 
always be important enough to reauire differences greater than 25 
cents per hundred pounds of dressed meat in order to demonstrate a 

6 Since the above was written, there have come to the authors’ attention data bearing on this same 
problem in the following publication: Ewabd, J. M., Culbertson, C. C., Wallace, Q. W., and Ham* 
MOND, W. E. ROUGHAGES FOR FATTENING TWO-YEAR OLD STEERS. Iowa Agr. Expt. Sta. Bill. 253, 
p. (3881-422, illus., 1928. Only seven lots of steers were included. Each lot was credited with the value o 
the hides, fats, and other by-products produced by it. An average loss to the packer of 45 cents per hundred 
pounds of live weight was computed from the figures, but this varied from as low as 14 cents for one lot to 
as high as 83 cents for another. The deviations of these losses from their average were +38, — 15, —81, 
+23, 0, —5, and —8 cents per hundred pounds. Three of the seven deviations exceed 20 cents and the 
average deviation (neglecting signs) is 17 cents. In view of the small number of lots included, the authors 
of the present paper regard these Iowa data as quite in agreement with their conclusion that half of the lots 
of experimental cattle are valued alive at a price more than 20 cents above or more than 20 cents below the ir 
real value even if the average price of the entire shipment is assumed to be correct. 

69654 — 29— — 6 
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significant difference between two lots. Experimental lots so uniform 
that smaller differences than this would be significant can be imagined, 
but it is doubtful whether they often occur. IJnless the lot is extremely 
uniform the error of the appraisal is probably of minor importance 
compared- to the variation among the carcasses. 

\ The salesman showed more agreement with each other than the 
members of the grading committee did on two occasions and less on a 
third occasion. The unweighted arithmetical averages of all compar- 
able intraclass correlations were almost identical for the appraisal 
method and for the grading-chart method. The evidence indicates 
that the salesmen agreed as closely with each other on what constitutes 
desirable beef as did the members of the grading committee. In 
view of the relative inexperience of the grading committee when these 
data were taken, it is reasonable to suppose that subsequent data 
would show a still closer agreement between the members of the 
committee. 

The appraisal method does not permit analysis to determine why 
appraisal values are high or low. For this object the grading chart 
used by the grading committee was especially designed. 

The appraisal method is inexpensive, and the writers found the 
salesmen quite ready to cooperate in the appraisals after they thor- 
oughly understood the purpose of them. 

By the appraisal method it is possible to express the results on the 
basis of live-weight prices. For such translation several methods may 
be used. Each involves some assumptions which make the translated 
prices only approximate. 

A comparison of the translated prices with the actual sales prices 
reveals a rather close general correspondence, but occasional instances 
occur where the actual sales prices were far from corresponding to 
the value of the meat. Such unjustified sales prices seem to arise 
from errors in the salesmen’s or buyers’ judgment and not from any 
consistent prejudice on the part of the buyer for or against any type, 
age, or breed of cattle. The standard deviation of the differences 
between the prices actually paid and the corrected prices is 34.7 cents 
per hundred pounds when method A is used for correcting and 33.8 
cents when method B is used. After making allowance for the small 
error of appraising in methods A and B, it appears that the standard 
error of appraising in the actual live-sales price of experimental lots 
of steers is about 30 cents per hundred pounds of live weight. For 
comparison with other experimental lots in the same shipment, buyers 
are within about 20 cents per hundred pounds of the correct price 
for half of all their pxirchases. Errors greater than 60 cents per hun- 
dred pounds of live weight occur in only about 5 per cent of the lots. 
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INTRODUCTION 

In making a survey of the forms of decay occurring naturally in 
the field and pack ng house one is impressed by the fact that the symp- 
tomatology of the various forms of rotting under such conditions 
presents a somewhat different picture from that of the decays induced 
artifically by inoculations with single pure cultures in the laboratory. 

Since the inoculation of fruit with known mixtures of different 
species of fungi appeared to be, a somewhat unexplored field (the 
majority of investigators having followed the classic path of single 
pure-culture inoculations), and since it was a method more nearly 
approximating the natural conditions for infections in the field, a 
series of differently combined inoculations as well as inoculations 
with the same organisms singly has been tried for the purpose of 
obtaining a better understanding of what actually happens in the 
field and in the packing house. The effect of different constantly 
maintained temperatures on the development of decay resulting 
from these inoculations with fungi singly and in various combinations 
of species was also investigated. Some previous investigation of 
the temperature relations of decay produced by Penicillium italicum 
and P. digitatum inoculated separately were made by Fawcett and 
Barger (4). 4 

It has been a common observation that two or more organisms 
may be associated in the same lesions and that in many cases the 
diseases appear to be made more severe by such association. Pre- 
vious experiments with citrus fungi by Fawcett (2, 5) showed that 
certain mixed inoculations into citrus bark caused much more severe 
injury than any inoculation with a single fungus of the same group. 
For example, the injury caused by a mixed inoculation of Diplodia 
natalensis and CoUetotrichum gloeosporioides was much greater than 
that caused by inoculations with either fungus alone. Inoculations 
with Phytophthora citrophthora combined with Fusarium sp. in Cali- 
fornia showed that the lesions of Pythiacystis gummosis progressed 
faster than when P. citrophthora was inoculated alone (#). On the 
other hand, one organism may hinder the attack or invasion of the 
other. For example, mixed inoculation by Fawcett (unpublished 


1 Received for publication Jan. 15, 1929; issued August, 1929. Paper No. 204, University of California, 
Graduate School of Tropical Agriculture and Citrus Experiment Station. 

* Fellow, International Educational Board, 1926 and 1927. 

* Assistance in carrying on the technic of the experiments was given by Louis L. Huillier. 

4 Reference is made by number (italic) to “ Literature cited,” p. 198. 


Journal of Agricultural Research, 
Washington, D. C. 

62856—29 1 


Vol. 39, No. 3 
Aug. 1, 1929 
Key No. Calif-51 


(163) 



164 


Journal of Agricultural Research 


Vol. 39, No. 3 


data) of Dothiorella gregaria and Pseudomonas juglandis failed to 
cause appreciable injury, while a pure culture of D. gregaria produced 
large lesions when inoculated unaer the same conditions. 

MATERIAL AND METHODS 

The following species of fungi were isolated just previous to their 
use in the investigation, from fresh material, by the senior author; 
the numbers added are the stock culture numbers of the junior author 
at the Citrus Experiment Station, Riverside, Calif.: Penicillium 
italicum (1437) from lemon; P. digitatum (1438) from lemon; Botrytis 
cinerea (1439) from lemon; Aspergillus niger (1440) from orange; 
and Sclerotinia libertiana (1441) from lemon. The remainder listed 
below were cultures which had been isolated some months previous 
to their use, but were inoculated into fruits and reisolated in order 
to renew their vigor for the tests: Oospora citri-aurantii (1342) from 
lemon; Pythiacystis citrophthora (1309-A) from lemon bark; Tricho- 
derma lignorum (1227-L) from lemon; Alternaria citri (1372-F) 
from orange; Phomopsis californica (1227-0) from lemon; Diplodia 
natalensis (1241-B) from grapefruit and Dothiorella ribu (1232-G) 
from lemon. All of these had been isolated from California fruits 
except D. natalensis , which came from a grapefruit grown in the Isle 
of Pines, Cuba. Glucose-potato agar was used for growing all 
cultures employed in the inoculation tests. 

Several different preliminary experiments were made for the pur- 
pose of establishing the most satisfactory method of obtaining on the 
fruit a wound of uniform diameter and depth. At first a small-sized 
cork borer 4 millimeters in diameter, with a glass tube so placed over 
it as to limit the penetration to a certain determined point in the 
fruit, was used. Later, in order to facilitate sterilization, an all-metal 
instrument of the same size and diameter was made by attaching a 
metal shoulder around the outside of the cork borer instead of the 
glass tube. A metal wire was placed inside of the cork borer for the 
purpose of eliminating the disk of rind after each wound was made. 
Witn this instrument one could make uniform wounds in the surface 
of as many as 600 fruits in an hour. During the experiment the cork 
borer was sterilized by dipping it in 95 per cent alcohol and flaming 
after use on each group oi 5 to 10 fruits. Before wounding, the fruit 
was washed and then disinfected with 95 per cent alcohol, which was 
rubbed over the surface by means of cotton and allowed to evaporate. 
The use of mercuric chloride was avoided because small amounts 
left on the rind might check the growth of the inoculum. The 
disinfection by alcohol proved quite satisfactory and allowed very 
little contamination, as shown by the almost complete absence of 
decay in the checks. 

For the inoculation of the fruit, glass rods of uniform size with 
round, sanded ends were used. Frequently during inoculations 
the rod was dipped in alcohol and cooled before it was dipped into the 
suspension of spores. 

Since it was difficult to avoid the possibility of some variation in 
the number of spores per inoculum, a preliminary investigation was 
m«t$e to find out what influence certain variations might have on 
thg rate of decay. Six different series of inoculations with Penicillium 
italicum were tried, 20 oranges being used in each series. A spore 
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suspension containing approximately 2,000,000 spores per cubic 
centimeter of P. italicum was obtained by adding 10 cubic centimeters 
of sterile water to a 48-hour culture on a glucose-potato agar slant. 
The dilutions used were 1:1, 1:4, 1:5, 1:8, and 1 : 16 with sterile 
water. The average measurements taken every 48 hours (fig. 1) 



centimeter 


show that only when the inoculum was diluted sixteen times 
the volume of the original suspension was there an appreciable 
decrease in the rate of decay. In all other cases, as Figure 1 indicates, 
the slight differences in initiation of decay are related to the extent 
of dilution, but after four days there appears to be no definite rela- 
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tion between rate of decay and dilution. These suspensions repre- 
sented a variation from about 2,000,000 to 125,000 spores per cubic 
centimeter. The experiment seems to indicate that within certain 
limits the number of spores in the inoculum has no deciding influence 
on the rate of decay. The density of spores was sufficient to start 
decay in all the fruits, so that the question of initiation of decay need 
not be considered. 

In all the subsequent inoculations the density of the suspension 
of spores was so great that any ordinary variation in the inocula 
was probably not sufficient to make any difference in the rate at which 
decay proceeded. In mixed inoculations equal amounts of the original 
spore suspension of each fungus were shaken together. It was there- 
fore concluded that the methods of inoculation used were probably 
sufficiently uniform to obviate large variations from this source. 

The temperature apparatus used during the experiment was an 
improved type of that described by Livingston and Fawcett (7). 
The improvements consisted in larger temperature chambers with 
more nearly perfect insulation and the substitution of an electric 
refrigerator as a cooling unit in place of an ice compartment at one 
end, and of driving rods with beveled gears in place of wheels and belts 
underneath for the stirring apparatus. The entire apparatus was 
located in a basement room where temperature fluctuations through- 
out any 24 hours were small. 

The temperature conditions were surveyed every time the inocu- 
lated fruit was to be taken out for observation, generally every 48 
hours. Only the average temperature for the duration of each experi- 
ment is given. The variation during most of the experiments was 
from a few tenths to a half degree centigrade. The maximum varia- 
tion during a few experiments when the apparatus was not in perfect 
running condition was about 1.5° C. The humidity of the chambers 
was also recorded in each experiment after the fruit was taken out. 

To ascertain to what extent the humidity fluctuated during the 
complete process of rotting, a series of observations were taken every 
two days. (Table 1.) 

Table 1 . — Relative humidity of different temperature chambers used in experiments 

on citrus-fruit decay 


Tempera- 
ture of 
chamber 

Relative humidity of 
chamber— 

Four days 
after fruit 
was 

inoculated 

Six days 
after fruit 
was 

inoculated 

0 C. 

Per cent 

Per cent 

6.5 

60 

64 

13.0 

74 

75 

18.0 

75 

75 

22.5 

76 

78 

27.5 

71 

81 

30.5 

75 

80 

32.5 

64 

55 


The variation in humidity in any of the chambers was probably 
not so great as to be an important factor in influencing the rate of 
decay. Since the fruit was wrapped and placed in paper sacks, the 
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humidity conditions surrounding it probably approached those sur- 
rounding packed fruit in cars on the way to market. In no case was 
the humidity so low as to allow noticeable wilting or excessive drying- 
out of the fruit during the period of the experiment. 

EFFECT OF WATER LOSS ON RATE OF DECAY 

In seasons when brown rot is prevalent or the fruit is unusually 
dirty and hot water is used for washing, it has been considered a 
good packing-house practice to hold fruit two or three days after 
picking before putting it into the hot water. This is known to pre- 
vent it from being injured by the hot water. The fruit thus held 
loses part of its turgiaity, mostly because of water loss. The ques- 
tion arose as to what influence this might have upon the rate of decay. 
Apart from the question of external resistance to penetration of the 
fungus, would this loss of water give to the fruit some internal re- 
sistance to the progress of the fungus? An experiment designed to 



Figure 2. — Rato of decay and water loss of lemons inoculated with Penicillium italicum and P. 
digitatum, in relation to the period elapsing between the time of picking and of inoculation: 
Group 1 inoculated soon after picking; Group 2 on the third day; Group 3 on the sixth day; and 
Group 4 on the ninth day after picking 


throw light on this point was performed as follows: A quantity of 
lemon fruits soon after picking was divided into four groups. The 
fruits of the first group were inoculated at once, those of the second 
in 3 days, those of the third in 6 days, and those of the fourth in 
9 days. In each group there were 3 lots, 1 of 15 fruits inoculated 
with Penicillium italicum , 1 of 15 fruits inoculated with P. digitatum y 
and 1 of 20 fruits inoculated with a mixed spore suspension of the 
two fungi. These fruits were kept in a basement room at about 
72° F. (22.2° C.) and about 43 per cent relative humidity during 
the experiment. After inoculation, the fruits of each group were 
placed in paper sacks. A careful record was taken every three days 
of the loss m weight of each group from picking until complete 
rotting of the fruit. This loss of weight is considered as loss of water. 
A record of the progress of rotting for each group was taken every 
48 hours. The graphs shown in Figure 2 indicate that, with the 
exception of the group inoculated soon after picking, the rate of 
decay was almost the same whether the fruits were inoculated on 
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the third, sixth, or ninth day. The group inoculated soon after 
picking showed a rate of decay somewhat higher than the others. 
The total loss of water from picking to inoculation and during the 
period of rotting of the different lots is given in Table 2. 


Table 2. — Loss in weight ( water loss ) of groups of 50 lemons each , the rate of 
decay of which is shown in Figure 2 



Figure 3. — Percentage of loss in weight on bases of initial weight in seven lots of yellow lemons held 
14 days at 87 per cent humidity, and at varying temperatures, preceding the inoculations. 
(See also fig. 4) 


EFFECT OF PREVIOUS CONSTANT TEMPERATURES ON RATE 

OF DECAY 

To obtain some idea of the effect of the previous temperature 
conditions on subsequent rate of decay the following experiment was 
performed. Yellow lemon fruits directly from the field were divided 
into seven groups of 50 lemons each, uniform in size and color. These 
groups were weighed separately and put into different chambers of 
the temperature machine. Every two days a careful record was 
taken of the loss in weight of each group,' constantly kept at the 
y iM temperature. 
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From the graphs in Figure 3 it is seen that the loss in weight of this 
fruit before inoculation increased with the temperature except at 
the highest one, 31° C. 

After the fourteenth day the fruit was taken from the different 
chambers and left for 24 hours in the basement until it reached the 
temperature of the room, 22.4° C. (72.3° F.). The fruits were then 
inoculated with Penicillium italicum , with P. digitatum , and with a 
mixture of the two, and all were left in the basement at an air tem- 
perature averaging 22.4 and a humidity outside the bags of 42 per 
cent. The increment of rotting was measured every day for nine 
days, starting from the third day. 



The graph for Penicillium italicum (fig. 4), which is representative 
of the three lots, seems to show that there is no definite relation 
between the previous exposure to different temperatures for an initial 
period of two weeks from picking and the subsequent rate of decay 
from uniform inoculation. 

EFFECT OF ALTERNATING TEMPERATURES ON RATE OF DECAY 

The question arose during the investigation as to the possible 
effect on decay of alternating temperatures as compared to constant 
temperatures. 

Experiments by McKinney ( 8 ) had shown that for Helmintho- 
sporium sativum tne effect of an alternating temperature, low during 
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the night and higher during the day, was practically equal to a con- 
stantly maintained temperature that was near the average of the 
two extremes. To make a comparison of this kind between constant 
and alternating temperatures, the following experiment was per- 
formed. The fruit from the field was left in the basement for 24 
hours to acquire the room temperature, about 21° C. The next 
day two groups of lemons, each of three lots, were inoculated with 
Penicillium italicum alone, P. digitatum alone, and a combination of 
the two. The fruit was wrapped in regular citrus paper, each group 
put in a separate paper bag and then placed in chambers, one at 
9.8° and the other at 27.1°. One group was left undisturbed in the 
two chambers as a check; the other was alternated every 12 hours 
from the highest to the lowest temperature chamber, and vice versa. 
Another check was left in a chamber at 20°, which temperature was 
nearest to the average of the two extremes. Measurements of the 
increment of rotting of the fruit were taken every 12 hours, except 
the first measurement, which was taken after 24 hours. The lots of 
fruit inoculated respectively with P. italicum and P. digitatum which 



Figure f>. — Rate of decay oflemons inoculated with Penicillium italicum and stored at alternating 
temperatures as compared with rate of decay when stored at constant temperatures 

had been alternated between 9.8° and 27.1° C. after an initial exposure 
of 24 hours to the higher temperature of 27.1°, showed average rates 
of decay not very far from those of the fruits that had remained in a 
chamber at 20° and were not alternated. On the other hand, the 
lots which were alternated between the same 9.8° to 27.1° after an 
initial exposure to the lower temperature, 9.8°, showed rates of decay 
below those held at a constant temperature of 20°. This is illus- 
trated in Figure 5 for P. italicum . 

The slope of the graphs for rate of decay of the fruits in alternated 
temperatures change with each change of temperature and become 
almost parallel with the slopes of the corresponding graphs at the 
same temperature as the fruits not alternated. 

LAG IN FRUIT TEMPERATURES AFTER INOCULATION 

The time required for the temperature of oranges and lemons to 
come to the temperature of the chambers was tested to determine 
the effect of the lag in temperature on initial decay. The first test 
was made with average-sized lemons about 150 millimeters in circum- 
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ference, unwrapped. The fruit, carefully selected for size and color; 
was divided into two lots. In one lot thermometers were inserted 
in the center of the fruit and in the other they were inserted under 
the rind. The thermometers were sealed in the fruit with paraffin 
to prevent air from entering along the stem. The fruit was left in 
the extreme chambers, 49° F. (8.3° C.) and 88° F. (31.1° C.) over- 
night until the two lots were found to have attained the temperature 
of the respective chambers. The two lots were then interchanged — 
the lot from the higher temperature chamber was removed to the 
lower temperature chamber, and that from the lower temperature 
chamber to the higher. 

The temperature just under the rind changed somewhat more 
rapidly at first than that in the center of the fruit, but after three to 
four hours both were the same, and in five hours the two lots had 
attained the temperature of the chamber in which they were placed. 

In another experiment the fruit was wrapped and placed in paper 
sacks, as was done in most of the subsequent inoculation experiments. 
In one group the thermometers were inserted through the wrapper 
just inside the rind and in the other group they were inserted in the 
center of the fruits. The initial temperature of all the fruit was 
about 26.5° C. Different lots were placed in chambers at tempera- 
tures of 9°, 20.5°, 28°, and 34.5° C., and the temperature at intervals 
of two hours was recorded. Table 3 shows the results of this test. 
Differences of temperature of from 6.5° to 8° C. between the interior 
of the wrapped and bagged fruit was overcome completely in 6 to 10 
hours, and a difference of 17.5° was overcome in 12 hours. 


Table 3. — Change in temperature of wrapped lemons exposed in chambers at four 

different air temperatures 

[Initial fruit temperature, 20.5° C.l 





Temi>erature of fruit after exposure for- 


chamber (° C.) 








eter in fruit 

2 

4 

r> 

8 

10 

12 



hours 

hours 

hours 

hours 

hours 

hours 



° a. 

0 C. 

0 a 

0 a 

0 C. 

0 C. 

9.0 

f At center 

18.0 

14.5 

12.0 

11.0 

10.0 

9.0 

\Just under rind 

17.0 

14.0 

12.0 

• n.o 

10.0 

9.0 

20.5 . 

fAt center 

23.5 

22.5 

20.5 

20. 5 

20.5 

20.5 

[Just under rind 

22.5 

21.5 

20.5 

20.5 

20.5 

20.5 

28.0. 

fAt center 

20.5 

27.0 

27.5 

27.5 

28.0 

28.0 

[Just under rind 

26.5 

27.0 

27.5 

27.5 

28.0 

28.0 

34.5 

fAt center 

30.0 

32. 0 

33.0 

34.0 

34.5 

34.5 

\Just under rind.. .. 

32.0 

33.0 

34.0 

34.6 

34.5 

34.5 


COLOR, RESISTANCE TO PUNCTURE, AND RATE OF DECAY 

Observation had indicated that green lemon fruits decay less 
rapidly than yellow ones. From about 600 lemons of the same 
size, eight groups were selected showing gradations of color from 
deep green to deep yellow. (Table 4.) 
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Table 4. — Approximate color ° of eight groups of lemons before and after inoculation 

with Penicillium italicum 


Group No. 

Color before innoculatiori 

Color after the last observation 

1 

Green yellow 

Mustard yellow. 

2 

Greenish yellow - 

Strontian yellow. 

3 

Lemon yellow - - — 

Do. 

4 

Lemon chrome . - 

Aniline yellow. 

5.... -...I 

Cress green - - j 

Amber yellow. 

6 

Light cress yellow 

Do. 

7 

Absinthe green 

Prirauline yellow. 

8 

Citron green 

Lemon chrome. 


• According to Ridgway's Color Standards (9). 


After the resistance to puncture was measured with a penetrometer 
(6) each fruit was inoculated with Penicillium italicum . 5 The fruit 

was then left at 
a temperature of 
70° to 75° F., and 
the rate of growth 
of the fungus was 
recorded every 
48 hours. The 
graphs represent- 
ing the averages 
of each group (fig. 
6) show a close 
relation between 
rate of decay and 
resistance to pen- 
etration and also 
between rate of 
decav and color. 

The relation- 
ship between re- 
sistance to pene- 
tration and rate 
of decay is shown 
by the graphs in 
Figure 7 when the 
individual fruits 
were divided into 
groups differing 
by 50 grams of 
pressure without 
reference to color. 
Here the average 

Figure 6. — Rate of decay of lemons as related to their color from dark green rate of decay of 
(A) to light yellow (H), and to resistance to penetration. The resistance +1. a /iifforfinf 
to pressure as measured with a penetrometer and expressed in grams aver- umvivuv 

aged as follows for lemons in each group: A, 289; B, 310; C, 264; D, 264; E. o* r nil n » is dis- 
204; F, 174; G, 152; H, 140 U ~ U1 ® 

tinctly decreased 

as the resistance to pressure increases. The experiment indicated that 
c<^r was a fairly good criterion for the selection of fruit with approx- 
imate uniformity of resistance to pressure and also uniformity of 

* These measurements were made with the help of E. R. Parker, of the Citrus Experiment Station, 
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resistance to rate of decay by P. italicum. Fruits for the different 
sets of subsequent experiments were selected for approximate uniform- 
ity of size and color in order to avoid undue individual variability. 



COMBINED INOCULATIONS OF PENICILLIUM ITALICUM AND 

P. DIGITATUM 

Oranges and lemons were inoculated as previously described with 
a mixed suspension of spores of Penicillium italicum and P . digitatum. 
For comparison a second group of fruits was inoculated with P. 
italicum alone, a third with P. digitatum alone, and a fourth was 
injured only as a cheek. The first group contained 70 lemons and 70 
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oranges divided into seven equal lots of 10 lemons and 10 oranges, 
and a lot was placed at each of the seven temperatures shown in 
Table 5. The second, third, and fourth groups contained 35 lemons 
and 35 oranges divided into lots of 5 lemons and 5 oranges and dis- 
tributed like the first group. 

The measurements in millimeters were made from margin to margin 
of the decayed spots through the place of inoculation. The fraction 
of a millimeter resulting from the computation of the averages was 
not considered if it was less than one-half millimeter, if more it was 
considered as unity. 

During the experiment several points were taken into consideration, 
namely, sporulation of the fungi inside and outside the fruit, appear- 
ance of mycelium on the surface, discolorations during the process 
of rotting inside and outside of the fruit, general differences between 
the series of combined inoculated fruit and the other series inoculated 
with single organisms; and isolation of the fungi in the combined 
inoculation series from day to day to determine whether or not the 
rotting tissues inside the fruit contained the same fungus as that 
shown on the outside. 

APPEARANCE OF MYCELIUM ON THE SURFACE OF THE FRUIT AND SPORULATION 

In both lemons and oranges Penicilliurn italicum sporulated at a 
lower temperature than P. digitatum. The sporulation range of the 
former was from 9.8° to 29.8° C. (most abundant spores at about 
20°) and of the latter from 17.8° to 29.8° (most abundant spores at 
about 27.6°) in eight days. 

In the combined inoculations of lemon, the mycelium of both fungi 
was observed on the same fruit. The blue spores of Penicilliurn 
italicum appeared at a lower temperature than the green spores of 
P. digitatum y which occurred at no temperature below 17.8° C. in 
the eight days of the experiment. Above this temperature the 
sporulation of P. italicum was confined to a few millimeters around 
the inoculation wound, while sporulation of P. digitatum became 
abundant in a few days over the remainder of the decayed areas. 
In the cases studied the area of mycelium of P. digitatum as compared 
to the size of the spot diminished as the distance from the optimum 
temperature (about 25°) for rate of decay increased. In the com- 
bined inoculation, sporulation of P. italicum was slightly inhibited 
by the presence of P. digitatum . As decay due to P. italicum ad- 
vanced, sporulation inside at the core was noted. No sporulation 
of P. digitatum inside the fruit was observed. At all temperatures 
used the rot started in the rind and advanced into the pulp. 

DISCOLORATIONS DURING ROTTING AND DIFFERENCES IN COMBINED AND 
SINGLE INOCULATIONS 

Both in oranges and in lemons in all the series inoculated, whether 
with a mixed or a single inoculum, there appeared at temperatures 
above 21° C. a brown marginal discoloration 5 to 15 millimeters 
in width at the extreme advancing margin of decay. At the highest 
temperature the color was darker than at other temperatures; the 
lemons were clove brown and the oranges were sayal brown (Ridg- 
way (9)), The discoloration seemed to have been produced by the 
higher temperatures. 

The combination of the two species of Penicilliurn produces a 
characteristic reddish or pinkish discoloration on and in the rind 



175 


Aug. i, 1929 Decay in Citrus Fruits Produced by Inoculations 


around the inoculation point for 5 to 10 millimeters. This kind of dis- 
coloration has never been found in inoculations of Penicillium italicum 
or P . digitatum alone. When such fruits are cut through the inoculated 
wound there is found a reddish discoloration of the tissue underlying 
the rind. (Fig. 8.) This discoloration is an aid in identifiying 
mixed infections of these fungi, as has been pointed out by Fawcett 
and Lee (5). 

As is shown in Table 5, in which are compared the rates of growth 
on the fourth and sixth days, the combined inoculation in lemons 
produced an increased rate of decay (fig. 9) at the low temperatures 



Figure 8.— 'Decay in inoculated fruit; the dark portion indicates the red discoloration typical of 
decay after a mixed inoculation with Penicillium italicum and P. digitatum: A, In lemon; B, in 
orange 


9.8° and 14.1° C. and at the high temperatures 27.6 and 29.8°, as 
compared with Penicillium digitatum, but slight differences at inter- 
mediate temperatures. In oranges there is an indication that the 
rate of growth of the mixture is the same or slightly lower than that 
of P . digitatum alone. To determine whether or not the same fungus 
was present in the interior of the fruit as appeared from the sporula- 
tion on the surface, a series of daily isolations were made as shown in 
Table 6. In cases where more than one organism occurred in the 
cultures the first mentioned was the most prominent. In making 
such cultural tests the following method was used. Ten lemons ana 
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10 oranges were inoculated on the same day with Penicittium italicum 
and P. digitatum and kept at 21.5° C. (71° F.). Every 24 hours two 
oranges and two lemons were taken for isolations. Before these 
were cut they were washed for 10 minutes in tap water to carry away 



Figure 9.— Increased rate of decay In lemons produced by a mixed inoculation with Penicillium 
italicum and P. digitatum (C) as compared with inoculations of P, digitatum alone (A), or P. 
italicum alone (B); fruit held at 9.8° O. for eight days 


a large number of the spores and at the same time to give to the 
remainder a sticky consistency and so prevent them from flying about 
during the isolation. In order to avoid contaminations three sterile 
ecalpels were used in cutting, one for the advanced margin, another 
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for the place midway from the margin to the inoculation, and the 
last for the region under the inoculation. A small piece of decayed 
material in each test was transferred to glucose-potato agar. 

Table 5. — Rate of decay at different temperatures of lemons and oranges inoculated 
with two species of fungi separately and in combination 


LEMONS 


Inoculum 

Days 

after 

inocu- 

lation 

Diameter in millimeters of decayed spots on fruit 
kept at— 

9.8° C. 

14.1° C. 

17.8° C. 

21.2° C. 

25.2° C. 

27.6° C. 

29.8° C. 

Penicillium italicum 

4 

0 

12 

26 

35 

31 

21 

9 


6 

10 

26 

48 

62 

61 

37 

10 

P. digitatum 

4 

0 

0 

45 

79 

88 

44 

11 


6 

11 

33 

120 

- 150 

• 150 

« 150 

12 

P. italicum 4- P. digitatum 

4 

0 

19 

37 

82 

93 

72 

18 


0 

22 

48 

86 

• 150 

» 150 

• 150 

24 



ORANGES 






P. italicum. 

4 

0 

12 

26 

! 34 

40 

35 

40 


6 

12 

25 

47 

60 

66 

1 57 

90 

P. digitatum 

4 

0 

22 

48 

73 

92 

95 

77 

) 

6 

20 

60 

104 

• 200 

• 200 

a 200 

101 

P italicum 4- P. digitatum 

4 

0 

20 

46 

73 

86 

93 

76 

1 

6 

15 

55 

106 

■ 200 

- 200 

• 200 

93 


• Entire circumference of fruit. 


Table 6 . — Results of daily culture tests from decayed spots on fruits previously 
inoculated with a mixed spore suspension of Penicillium italicum and P . digitatum 
and kept at 21.5 ° C. 

LEMONS 


Number of 
days after 
inoculation 
at which 
isolation 
tests were 
made 

Place in the decayed spot from which culture tests were made 

Advancing margin 
ol decay 

Midway from margin to wound 

Under the inoculated wound 

1 

No growth 

No growth 

No growth. 

P. italicum 4- P. digitatum. 

Do-’ 

Do. 

Do. 

Do. 

Do. 

P. italicum. 

Do. 

2 

9 

fP. digitatum 

\ do 

P. italicum 4- P. digitatum 

do 

/-...do 

P. digitatum 

6 

A 

\ do 

do 

/....do 

do 

9 

j 

\ — .do... 

/....do-... 

P. italicum 4- P. digitatum 

do 


(....do ! 

do 




ORANGES 



No growth 

P. digitatum 

do 

do 

— do 

— do 

do j 

....do 

....do 


No growth 

P. italicum + P. digitatum 

do...; 

P. digitatum 

do 

P. digitatum 4- T. italicum 

P. italicum 4- P. digitatum 

P. digitatum 

do 


No growth. 

P. italicum 4- P. digitatum. 
Do. 

Do. 

Do. 

Do. 

Do. 

P. italicum. 

Do. 


The results in Table 6 indicate that underneath the surface of the 
decay produced by a mixed inoculum of Penicillium italicum and P. 
digitatum at the favorable temperature of 21.5° CL, P* Mgiiaium will 
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be present at the advancing margins, either one or both will be present 
midway from the margin to the center, and both will live under the 
inoculated wound during the first few days, but after five days P. 
digitatum will be inhibited, leaving only P. italicum capable of being 
recovered. 

COMBINED INOCULATIONS OF ASPERGILLUS NIGER, 
PENICILLIUM ITALICUM, AND P. DIGITATUM 

TEMPERATURE RELATIONS OF ASPERGILLUS NIGER 

This experiment was carried out by the methods previously de- 
scribed, at seven different constant temperatures with inoculations of 
five groups of lemons and five groups of oranges, as follows : (1 ) Asper- 
gillus niger ) (2) A. niger 4- Pencillium italicum , (3) A. niger 4- P. digita- 
tum , (4) A. niger 4- P. italicum 4- P. digitatum , and (5) checks. The 
first and fifth groups contained each 35 lemons and 35 oranges divided 
into seven lots of 5 lemons and 5 oranges, and a lot was placed at each 
of the seven temperatures shown in Table 7. The second, third, and 
fourth groups contained 70 lemons and 70 oranges divided into lots 
of 10 lemons and 10 oranges and distributed like the first group. 

During the eight days of the experiment no decay was evident 
from 9.6° to 19.3° C. either in lemons or oranges. Alter three days 
rotting had started at 23° and at 32.2°, developing rapidly at the 
latter temperature. Slight sporulation was nearly always contem- 
poraneous with the beginning of decay. At high temperatures a pro- 
nounced white mycelial ring appeared in advance of the decay and 
in the center of this a black mass of spores was formed. 

TEMPERATURE RELATIONS OF THE COMBINATIONS ASPERGILLUS NIGER -f PEN- 
ICILLIUM ITALICUM, A. NIGER + P. DIGITATUM, AND A. NIGER + P. ITALICUM 
+ P. DIGITATUM 

The rate of decay produced by the three combinations used in this 
group of experiments is shown in Table 7. 


Table 7. — Rate of decay at different temperatures of lemons and oranges inoculated 
with Aspergillus niger alone and in combination with other fungi 
LEMONS 


Inoculum 

Days 

after 

inocu- 

lation 

Diameter in millimeters of decayed spots on fruit kept at— 

9.6° C. 

1 

14.7° C. 

19.3° C. 

23° C. 

27.3° C. 

30.1° C. 

32.2° C. 

A. niger 

4 

0 

0 

0 

18 

20 

37 

36 


6 

0 

0 

0 

32 

42 

59 

60 

A. niger + P. italicum 

4 

0 

24 

34 

58 

35 

35 

44 


6 

16 

42 

60 

66 

50 

53 

63 

A. niger + P. digitatum 

4 

0 

44 

78 

113 

103 

36 

49 


6 

15 

92 

• 150 

- 150 

• 150 

53 

71 

A. niger + P. italicum + P. digitatum. 

4 

16 

45 

86 

97 

70 

35 

45 


6 

50 

93 

« 150 

• 150 

• 150 

54 

57 


ORANGES 


A. niger 

4 

0 

0 

0 

17 

27 

42 

41 

6 

0 

0 

0 

27 

42 

85 

78 

A. niger + P. italicum 

4 

0 

18 

30 

38 

29 

42 

49 

6 

16 

32 

42 

63 

43 

67 

77 

A. niger A P. digitatum 

4 

0 

38 

64 

89 

91 

46 ! 

55 


6 

28 

80 

111 


115 

64 

80 

A. niger + P. italicum 4 P. digitatum. 

4 

16 

41 

66 

89 

102 

47 

50 

6 

46 

80 

• 200 

• 200 

» 200 

62 

78 


* Entire (HUmference of fruit/ 




\u g . i, 1929 Decay in Citrus Fruits Prodded by Inoculations 


179 


The mixtures Aspergillus niger 4- Penicillium digitatum and A. 
niger 4- P. italicum 4- P. digitatum, showed higher rates of decay 
than the highest rate of any one of the fungi alone for both oranges 
and lemons at the two lowest temperatures, 9.6° and 14.7° C. (Com- 
pare Tables 5 and 7.) In lemons this increased rate extended up to 
27.3°. A mixture of A. niger with P. italicum produced an increased 
rate at the lowest temperature, 9.6° in lemons and at both 9.6° and 
14.7° in oranges. At higher temperatures than those mentioned the 
rates of the mixtures were equal to or slightly less than the highest 
rate of any component under the same conditions. The external 
characters of the combination A. niger 4- P. italicum were the same 
as those of pure P. italicum from 9.6° to 19.3°. A . niger occurred in 
the center for 5 to 20 mm., followed by P. italicum, which extended to 
the advancing margin at 23° to 27.3°. Only Aspergillus was found 
at 30° and above. No striking differences in the external appearance 
of decay on oranges and lemons were noted. 

The external characters of the combination Aspergillus niger 4- P. 
digitatum were those of pure P. digitatum from 9.6° to 23° C., above 
which the A. niger appeared in the center over an area 5 to 22 mm. 
in diameter until a temperature of ,.30.1° and 32.2° was reached, 
when A. niger only was evident. 

The external characters of the combination Aspergillus niger 4- 
Penicillium italicum 4- P. digitatum were similar to those of the 
combination P. italicum 4- P. digitatum already described at tem- 
peratures of 9.0 to 23° C. At 27.3° A. niger appeared in the center 
of the decayed area, followed concentrically by P. italicum, and then 
by P. digitatum up to the advancing margin. At 31.2° only A. niger 
was evident. 

CULTURAL TESTS FROM TISSUES INSIDE THE FRUIT 

At the end of the experiment fruits inoculated with the combina- 
tion Aspergillus niger 4* Penicillium italicum 4- P. digitatum from 
each of the seven chambers were used in isolation tests in order to 
find out what changes were taking place within the fruit in relation 
to those that showed on the surface. These tests were made from 
the “albedo” or inner part of the rind in the manner previously 
described in connection with P. italicum 4- Pi digitatum. The 
results are shown in Table 8. 

Table 8. — Isolation culture tests from decayed spots on fruits inoculated, with 
Aspergillus niger -f Penicillium italicum 4* P. digitatum eight days previously 


LEMONS 


Tempera- 
ture (° C.) 

Place in decayed spots from which culture tests were made 

Advancing 

margin 

Midway from margin to inocula- 
tion 

Under the inoculated wound 

9.6_._ 

P. italicum 

P. italicum 

P. italicum + A. niger. 

Do. 

P. italicum. 

A. niger. 

Do. 

Do. 

A. niger -f P. italicum. 

14.7 

19.3 

P. digitatum 

do 

P. italicum -f P digitatum 

do 

23. 


do 

27.3 

30.1 

32.2 

do 

A niger -f P. digi- 
tatum. 

A. niger 

P. digitatum -f P. italicum 

A. niger + P. digitatum -f~ P. 
italicum. 

A. niger __ ^ 





62856 — 29 2 



180 


Journal of Agricultural Research 


Vol. 30, No. 3 


Table 8. — Isolation culture tests from decayed spots on fruits inoculated with 
Aspergillus niger + Penicillium italicum -f P. digitatum eight days previously --Con. 

ORANGES 


Place In decayed spots from which culture tests were made 


c 

I 

o 

O 

Advancing 

margin 

Midway from margin to inocula- 
tion 

Under the Inoculated wound 

9.6 

P. italicum + P. 

P. italicum + P. digitatum 

P. italicum + A. niger. 


digitatum. 



14.7 

P. digitatum 

do - 

P. italicum + P. digitatum. 

19.3.. _ 

do 

P. digitatum P. italicum 

Do. 

28 

do _ J 

P. digitatum 

Do. 

27.3 ... 

do 

P. digitatum + P. italicum 

A. niger. 

30.1 

A. niger + P. digi- 

A. niger -f- P. italicum + P. digi- 

A. niger + P. italicum. 


tatum. 

tatum. 


32.2 

A. niger 

A. niger + P. italicum 

Do. 


In the advancing margin at the lowest temperature, 9.6° C., 
Penicillium italicum was found associated with the rotting of the fruit; 
from 14.7° to 27.3°, P. digitatum; at 30.1°, Aspergillus niger 4* P. 
digitatum; and at 32.2, A. niger alone was found. Since the spores of 
the various organisms were present in approximately the same 
amounts at the beginning, it is apparent that different temperatures 
exerted a selective influence, allowing one fungus in the mixture to 
become dominant at certain temperatures and permitting others 
to become dominant at other temperatures. It should also be noted 
that the fungi found under the surface did not always coincide with 
that which was seen sporulating on the surface above the place of 
isolation. At the completion of the experiment the fruit was taken 
out of the chambers and the lots were arranged in the order of the 
magnitude of the temperatures at which they had been kept. The 
effect produced by the combination A. niger + P. italicum -f P. 
digitatum was very striking. The fruits from the lower-temperature 
chambers were predominantly blue in color due to spores of P. 
italicum; those from slightly higher temperatures showed a reduction 
of the blue color in the center with the green of P. digitatum spores 
predominating; those from still higher temperatures showed the black 
of A. niger spores in the center with the green of P. digitatum around 
them, and those at the highest temperatures showed only the black 
of A . niger spores. 

COMBINED INOCULATIONS OF OOSPORA CITRI-AURANTII, 

PENICILLIUM ITALICUM, P. DIGITATUM, AND ASPERGILLUS^ 

NIGER 

TEMPERATURE RELATIONS OF OOSPORA CITRI-AURANTII 

Oospora citri-aurantii has, in comparison with many other rot 
fungi, a very wide range of temperature for decay. In lemons, as 
will be shown in the low-temperature experiments, it had during the 
six days of the experiment a minimum of about 7° to 8° C., an opti- 
mum of about 27° to 28°* and a maximum above 33°; in oranges it 
had a minimum of about 5° to 6°, an optimum of about 29° to 30°, 
and a maximum above 33° for the same time. In general the rot 
is soft in the beginning, but later becomes sunken and watery. In 
lemons the decay, is much softer and more watery than in oranges. 
When completely rotted; the fruit is collapsed. Spoliation started 
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on lemons eight days after inoculation at a temperature of 23.5° and 
on oranges eight days after at 19.8°, and was absent on both lemons 
and oranges at 30° or above during the same period. 

TEMPERATURE RELATIONS OF OOSPORA CITRI-AURANTII, PENICILLIUM ITALICUM 
P. DIGITATUM, AND ASPERGILLUS NIGER 

An experiment was carried on at each of seven maintained tem- 
peratures with six lots of lemons and six lots of oranges as follows: 
(1) Oospora citri-aurantii alone, (2) 0. citri-aurantii 4- Penicillium 
italicum , (3) 0. citri-aurantii -f P . digitatum , (4) 0. citri-aurantii 4- 
P. italicum + P. digitatum , (5) 0 . citri-aurantii 4- P. italicum 4- P. 
digitatum 4- Aspergillus niger } (6) check. Each of these groups con- 
tained 35 lemons and 35 oranges divided into seven lots of 5 lemons 
and 5 oranges, and a lot was placed at each of the seven temperatures 
shown in Tables 9 and 10. 


Table 9. — Rate of decay at different temperatures of lemons and oranges inoculated 
with Oospora citri-aurantii alone and in combination with other fungi 

LEMONS 



1 Days 
after 

- — 

Diameter in millimeters of decayed spots on fruit kept at— 


inocu- 

lation 

n.r>°c.j 

15.9° C. 

I 

19.8° C. 

23.5° <\ 

27.2° C. 

! 

1 

i 30.2° C. 

31.9° C. 

O. citri-aurantii 

4 

9 

10 

18 

26 

33 

33 

32 


6 

; i6 

20 

43 

49 

59 

57 

46 

0. citri-aurantii -f P. italicum ... - 

4 

! 14 

15 

30 

40 

38 

39 

42 

ft 

29 

44 

60 

62 

61 

63 

56 

0. citri-aurantii -f P. digitatum. 

4 

15 

29 

67 

108 

107 

64 

42 

0. citri-aurantii + P. italicum + P. 

ft 

62 

« 150 

• 150 

■ 150 

« 150 

76 

63 

digitatum 

4 

17 

48 i 

97 

118 

107 

101 

43 


6 1 

83 | “ 150 

ORANGES 

■ 150 

« 150 

« 150 

115 

63 


O. citri-aurantii 

4 

0 

0 

11 

12 

21 

29 

29 


ft 

0 

10 

27 

29 

45 

55 

52 

O. citri-aurantii -f P. italicum 

4 

12 

21 

29 

38 

22 

41 

45 


6 

24 

44 

61 

64 

65 

67 

67 

0. citri-aurantii + P. digitatum 

4 

11 

32 

58 

83 

95 

87 

37 

0. citri-aurantii + P. italicum + P. 

6 

42 

75 

lift 

« 200 

° 200 

121 

57 

digitatum 

4 

14 

32 

65 

90 I 

100 

96 

35 


6 

45 

80 

118 

<* 200 1 

« 200 

117 

55 


• Entire circumference of fruit. 


In lemons, as shown in Table 9, the combination Oospora citri- 
aurantii 4- Penicillium italicum produced a more rapid decay* than 

O. citri-aurantii or P. italicum alone (compare with Table 5), and the 
combination 0. citri-aurantii 4- P. digitatum produced a decidedly 
more rapid growth than did P. digitatum, or 0. citri-aurantii alone; 
in fact at lower and intermediate temperatures it was equal to or 
greater than the sum of the rates of growth of 0. citri-aurantii and 

P. digitatum when used alone. 

In oranges the rate of decay caused by Oospora citri-aurantii 4- 
Penicillium digitatum was slightly greater at 11.5° to 23.5° C. than 
that caused by P. digitatum alone, but above these temperatures the 
growth was about the same except at the' highest temperature (31.9°), 
where it was less. The combination 0. citri-aurantii 4- P. digitatum 
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in the first two chambers (11.5° and 15.9°) gave an increment of 
decay somewhat greater than the sum of the increments given by 
0. citri-aurantii and P. digitatum alone, but from 19.8° to 31.9° it 
gave an increment constantly somewhat less than the sum. On the 
surface of lemons inoculated* with 0 . citri-aurantii + P. italicum the 
spores of P. italicum were limited to a few millimeters at a tempera- 
ture of 11.5°, but at 23.5° this rot had reached a size of 25 mm.; 



Figure 10. — Diameter of decayed areas on lemons and oranges produced by inoculations with 
Oottpora citri-aurantii alone and mixed with other fungi; fruits were held at temperatures 
indicated for an 8-day period 


above 23.5° only spores of 0. citri-aurantii were seen. In all cases 
0 . citri-aurantii was growing on the advancing margin of the decay. 
In Oranges a similar manifestation was noted, with the difference that 
the spores of P. italicum were still present at 30°. 

On the surface of the decayed areas resulting from inoculating 
oranges with Oospora citri-aurantii + Penicillium digitatum, only the 
mj^iium of P. digitatum was evident at temperatures of 11.5° and 
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15.9° C. From 19.8° to 31.9° the spores of 0 . citri-aurantii were in 
the center of the area, and at 27.2° this rot had reached a diameter 
of 15 mm. 

The combination in all cases resulted in P. digitatum actively grow- 
ing in the advancing margin of the rot. 

When lemons were inoculated with Oospora citri-aurantii 4- Peni - 
cillium digitatum oospora occurred at temperatures of 15.9° to 
31.9° C. At 15.9° it occupied the center of the decayed area, sur- 
rounded by P. digitatum , which extended up to the margin. The 
area covered by 0 . citri-aurantii continued to increase at higher tem- 
peratures, until at 30.2° and 31.9° it had so enlarged as to occupy 
the entire decayed surface. The rot was watery and much softer 
than that produced by P. digitatum alone. 

The growth of Oospora citri-aurantii 4- Penicillium italicum 4- P. 
digitatum may be compared to that of P. italicum 4- P. digitatum. 
('f'able 9 and Table 5.) In lemons 0 . citri-aurantii 4- P. italicum 4- P. 
digitatum gave decidedly higher rates of growth than did P. italicum 
4- P. digitatum , the rate being even higher than the sum of 0 . citri- 
aurantii alone plus the combination P. italicum 4- P. digitatum. In 
oranges the rate of decay was quite similar to that in lemons, except 
that at the two highest temperatures the growth of O. citri-aurantii 
4 P. italicum 4- P. digitatum was somewhat less than the sum of 
the increment of 0 . citri-aurantii alone plus the combination P . 
italicum 4- P. digitatum. The combination of the three organisms 
produced a reddish discoloration underlying the zone of sporulation 
of P. italicum and other effects similar to those previously described 
for P. italicum 4- P. digitatum , with the following exceptions: 0 . 
citri-aurantii showed on the surface at the middle of the decayed area 
at 27.2° C. in both lemons and oranges and was the only fungus that 
showed at 31.9° C. 

The addition of Oospora citri-aurantii to Aspergillus niger 4 
Penicillium italicum 4- P. digitatum appeared to increase the rate of 
decay on lemons but had no marked effect on oranges. (Table 10.) 
Figure 10 shows the rates of decay at different temperatures when 
Oospora citri-aurantii and the preceding mixtures were used. 

Table 10. — Rate of decay at different temperatures of lemons and oranges inoculated 
with Oospora citri-aurantii, Aspergillus niger , Penicillium italicum , and P. 
digitatum in two combinations 

LEMONS 



Days 

1 Diameter in millimeters of decayed spots in fruit started 


i 



at — 




Inoculum 

after 









inocu- 

lation 

9.6° C. 

14.7° C. 

19.3° C. 

23° C. 

27.3° C. 

30.1° C. 

32.2° C. 

A. niger + P. italicum + P. digitatum. 

4 

16 

45 

86 

97 

70 , 

35 

45 

6 

60 

93 

• 150 

•150 

•150 

54 

57 

O. citri-aurantii -f A. niger + P. 

4 

16 

49 

93 

118 

110 | 

| 109 

43 

italicum + P. digitatum 

6 

77 

0 150 j 

• 150 ; 

•150 | 

•150 

[ • 150 

68 


ORANGES 



A. niger + P. italicum -f P. digitatum. 

4 

13 

41 

66 

89 

102 

47 

50 


6 

31 

80 

•200 

•200 

•200 

62 

78 

O. citri-aurantii 4- A. niger + P- 

4 

16 

38 , 

64 

87 

101 

82 

43 

italicum + P. digitatum 

6 

46 

91 1 

117 

•200 

•200 

105 

! ; 

69 


• Entire circumference of fruit. 
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Table 11. — Isolation tests from decayed spots in fruits inoculated eight days 
previously with Oospora citri-aurantii -f Penicillium italicum -1- P. digitatum 
4- Aspergillus niger 

LEMONS 


Tempera- 
ture (0° C.) 

Place in decayed spot from which test was made 

Advancing margin 

Midway from margin to 
inoculation 

Under the inoculation 

11.5 

0. citri-aurantii 4- 
P. italicum. 

0. citri -aurantii -f 
P. digitatum ~f 
P. italicum. 

O. citri-aurantii 4- 
P. digitatum. 

P. digitatum 

0. citri-aurantii -f P. italicum 

_do- 

P. italicum. 

0. citri-aurantii -f P. italicum. 

0. citri-aurantii. 

Do. 

Do. 

0. citri-aurantii 4- A. niger. 

0. citri-aurantii. 

15.9 

19.8 

do - 

23.0. . ... 

0. citri-aurantii 

27.2 

0. citri-aurantii. 

do 

30.2- 

do_ 

do . - . _ 

32.2 

.do 

do 





OKA NOES 






>. 

0. citri-aurantii -j- 
P. italicum. 

O. citri-aurantii 4- 
P. digitatum -f 
P. italicum. 

P. digitatum 4- 0. 
citri-aurantii. 

P. digitatum - . 

0. citri-aurantii 4- P. italicum 

O. citri-aurantii 4- P. digitatum 4- 
P. italicum. 

P. italicum -f 0. citri-aurantii 

do , ... 


do 

do 

> 

O. citri-aurantii .. 
A. niger . . . 

0. citri-aurantii 4* A. niger 

A. niger 





O. citri-aurantii + P. italicum. 
Do. 


P. italicum + O. citri-aurantii. 

Do. 

Do. 

A. niger 4* O. citri-aurantii. 

A. niger. 


CULTURAL TESTS FROM TISSUES INSIDE THE FRUIT 

At the end of the experiment some fruits from the combination of 
four organisms just mentioned were used for isolation purposes. The 
results of these experiments are shown in Table 11. In the lemons 
at high temperatures Oospora citri-aurantii was dominant. This may 
have been due to the fact that 0. citri-aurantii attacks lemons more 
readily than oranges. In oranges Aspergillus niger was dominant. 
In the advancing margin of decay 0. citri-aurantii was more often 
present in lemons than in oranges, having been reisolated six times 
out of seven in lemons and four times out of seven in oranges. Mid- 
way from margin to inoculation, 0. citri-aurantii was found at all 
temperatures in lemons and at all except the highest in oranges. 
Under the inoculated wound in lemons 0. citri-aurantii was found at 
all except the lowest temperatures and in oranges it was found at 
all except the highest temperature. 0. citri-aurantii therefore 
appeared to dominate in lemons at high temperatures and A. niger 
in oranges at the same temperatures. The green mold, P. digitatum , 
was found only under the advancing margin and only at intermediate 
temperatures from 15.9° to 27.2° C. The blue mold, P. italicum , 
was found in all isolations in lemons and oranges at 11.5° and 15.9°, 
but above this was present more often in oranges than in lemons. 
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COMBINED INOCULATIONS OF BOTRYTIS CINEREA, PENICILLIUM 
ITALICUM, AND P. DIGITATUM AND OF B. CINEREA, P. ITALI- 
CUM, P. DIGITATUM, AND ASPERGILLUS NIGER 

TEMPERATURE RELATIONS OF BOTRYTIS CINEREA 

In preliminary tests with Botrytis cinerea alone the range of tem- 
perature for decay on lemons appeared to be greater than on oranges, 
probably because the former is a more natural host in the field. 
In 6 days the range for lemons was from about 2° to 26.8° C. (with 
an optimum about 22.5°) and for oranges from about 3° to 22.5° 
(with an optimum about 18.5°) under the same conditions. In both 
oranges and lemons the spores appeared first at 22.5° in 6 to 8 days 
after inoculation, at 14:5° in 12 days, and at 9.5° in 14 days. In 
oranges at 26.5° no spores were present even after 10 days; a small 
hard brown spot only was produced. No marked difference in color 
was observed at different temperatures. 

TEMPERATURE RELATIONS OF BOTRYTIS CINEREA + PENICILLIUM ITALICUM + P. 
DIGITATUM, AND OF B. CINEREA + P. ITALICUM + P. DIGITATUM + ASPERGILLUS 
NIGER 

Experiments were carried on at each of seven constant tempera- 
tures with four groups of lemofis and four groups of oranges, with 
inocula as follows: (1) Botrytis cinerea , (2) B. cinerea + Penicillium 
italicum -f P. digitatum , (3) B. cinerea -I- P. italicum + P. digitatum -f 
Aspergillus niger , and (4) check. Each of the first three groups 
contained 70 lemons and 70 oranges divided into seven lots of 10 
lemons and 10 oranges, and a lot was placed at each of the seven 
temperatures shown in Table 12. The fourth group contained 35 
lemons and 35 oranges divided into seven lots of 5 lemons and 5 
oranges, distributed as in the other groups. 

Table 12 . — Rate of decay at different temperatures of lemons and oranges inoculated 
with Botrytis cinerea -f- Penicillium italicum + P- digitatum , and B. cinerea 
P. italicum + P. digitatum + Aspergillus niger 


LEMONS 


Inoculum 

Days 

after 

inocula- 

tion 

Diameter in millimeters of decayed spots on fruit stored 
at— 


9.5° C. 

14.5° C. 

18.5° C. 

22.5° C. 

26.8° C. 

30.1° C. 

31.1° C. 

B. cinerea 

4 

0 

19 

20 

22 

16 

0 

0 


6 

19 

25 

37 : 

49 

23 

0 

0 


8 

29 

46 

62 

88 

33 

0 

0 


10 

48 

73 

132 

149 

48 

0 

0 

B. cinerea + P. italicum + P. digi- 









tatum 

4 

10 

18 

22 

67 

85 

20 

0 


6 

22 

43 

64 

• 160 

• 160 

28 

0 

B. cinerea + P. italicum + P. digi- 









tatum + A. niger - 

4 

10 

18 

62 

133 

105 

39 

46 

6 

19 

53 

• 160 

• 160 

• 160 

67 

81 


ORANGES 


B. cinerea 

4 

0 

o 

14 

10 1 

0 

0 

0 


6 

9 

12 

22 

13 

o 

0 

0 


8 

13 

20 

37 

16 

10 

0 

0 


10 

24 

31 ! 

47 

18 

10 

0 

0 

B. cinerea + P. italicum + P. digi- 









tatum 

4 

0 

10 

31 

06 

89 

61 

0 

6 

11 

22 

76 

125 

139 

80 

10 

B. cinerea + P. italicum + P. digi- 

i 








tatum + A. niger 

4 

0 

12 

32 

62 

71 

34 

37 

6 

12 

28 

77 

126 

124 

72 

64 


1 Entire circumference of fruit. 
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The experiment was performed as previously indicated (p. 164). 
The growth of Botrytis cinerea alone and of the two combinations 
mentioned above is shown in Table 12. Observations on the decay 
due to the combii^ation B . cinerea -f Penicillium italicum 4- P. 
digitatum brought out several interesting points. In oranges at 9.5° C. 
the color of the decay was typical of B. cinerea , but the rot had a soft 
and w&tery form rather than the leathery pliability of Botrytis rot 
alone. At 14.5° C., some color due to Botrytis appeared after 4 days, 
followed by the blue spores of P. italicum in the center and mycelium 
of P. digitatum in the advancing margin after 8 days. At 18.5° 
P. digitatum, was still more prominent, occupying 20 mm. on the ad- 
vancing margin. At 22.5° P. italicum was reduced to a few milli- 
meters around the inoculation wound, followed by Botrytis for 20 
mm. and then P. digitatum . At 26.8° the Botrytis color was no longer 
seen on the outside, but when the fruit was cut through the inocula- 
tion wound, some of the brown color was found underneath. At 31.1° 
no growth of any of the three combined parasites was seen. The 
surface manifestations on lemons were similar to those on oranges. 
From about 22° to 30° B. cinerea -f P. italicum 4- P. digitatum caused 
a higher rate of decay in lemons than B. cinerea alone or P. italicum 4- 
P. digitatum. (Compare Table 5 with Table 12.) At other tempera- 
tures the presence of B. cinerea seemed partially to inhibit the growth 
of P. italicum and P. digitatum. In oranges this inhibition extended 
to all temperatures. 

From 9.5° to 26.8° C. no difference was found in the external growth 
of the combination Botrytis cinerea 4* Pencillium italicum 4 P. 
digitatum 4- Aspergillus niger as compared with that of the other 
combination shown in Table 12 until Aspergillus niger appeared. 
Four days after the inoculation, black spores of A. niger were present 
at 26.8° on oranges and lemons in the center of the decayed area, 
followed by Penicillium italicum , B. cinerea y and finally P. digitatum 
in concentric irregular rings. At 30.1° to 31.1° only A. niger was 
showing on the outside of the fruit. 

Comparing the rate of decay of the above combination with that 
of Botrytis cinerea alone or with Aspergillus niger 4- Penicillium itali- 
um 4 P. digitatum , a decrease is noted from 9.5° to 18.5° C. and a pro- 
nounced increase from 22.5 to 31.1°. In oranges there is the same 
inhibition at low temperatures; that is from 9.5° to 26.8°, while at 
higher temperatures a slightly greater rate of decay occurs. The 
inhibition at lower temperatures seems to have been due to B. cinerea. 
At higher temperatures, favorable to active growth of A. niger , the 
rate of decay was increased by the presence of this fungus. As 
previously shown, A. niger also accelerated the rate of decay when 
used in combination with P. italicum and P. digitatum. 

COMBINED INOCULATIONS OF ALTERNARIA CITRI, TRICHODER- 

MA LIGNORUM, OOSPORA CITRI-AURANTII, BOTRYTIS CINEREA, 

PENICILLIUM ITALICUM, P. DIGITATUM AND ASPERGILLUS 

NIGER 

The experiments to be reported here were carried out as pre- 
viously indicated for each of the seven constant-temperature chambers 
with five groups of lemons and five groups of oranges, with inocula 
as follows: (1) Alternaria citri, (2) Tnchoderma lignorum, (3) Oospora 
citri-aurantii 4- T. lignorum + A. citri A Botrytis cinerea , (4) 0 . citri - 
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aurantii 4- T . lignorum + A . citri -f B. cinerea + Pencillium italicum 4- 
P. digitatum 4 - Aspergillus niger , and (5) check. The first, second, 
and fifth groups each contained 35 lemons and 35 oranges, divided 
into seven lots of 5 lemons and 5 oranges, and a lot was placed at 
each of the seven temperatures shown in Table 13. The third and 
fourth groups contained 70 lemons and 70 oranges, divided into 
seven lots of 10 lemons and 10 oranges. 

Previous to the use of the combination inoculations, the tempera- 
ture relations of Alternaria and Trichoderma used singly were studied. 

Alternaria citri will advance only slowly or not at all within per- 
fectly sound immature fruit, but it readily invades mature fruit of 
low vitality. In lemons this experiment, as indicated in Table 13, 
showed in six days a minimum temperature for decay of 15.2° C., 
an optimum near 23.2° and a maximum near 27.6°. A longer period 
would have extended this range. In oranges no growth was observed 
during the short period of the experiment. Previous work ( 1 ) has 
shown that a much longer period would have been required. 

Trichoderma lignorum produces a very characteristic form of decay, 
but one difficult to measure at the beginning because it is slow to 
show any difference in color or in softness until after it has proceeded 
for some time. The changes in color subsequently develop very rap- 
idly. The fungus probably first invades the albedo and afterwards 
grows to and affects the surface over considerable areas all at once. 
In lemons it produced decay in six days only at 23.2°, 27.6°, and 30.1° 
C. (Table 13.) In oranges no decay took place in the 6 days of the 
experiment. 

Table 13. — Rate of decay at different temperatures of citrus fruits inoculated with 
combinations of fungi , in comparison with that of fruits inoculated with each f un- 
gus alone 

LEMONS 


Inoculum 

Days 

after 

inocu- 

lation 

Diameter in millimeters of decayed spots in fruit stored 
at temperatures indicated 

1 1.5° C. 

15.9° C. 

19.8° C. 

23.5° C. 

27.2° C. 

30.2° C. 

31.9° C. 

Oospora citri-aurantii 

4 

9 

10 

18 

26 

33 

33 

32 


0 

16 

20 

43 

49 

69 

57 

46 

* 


9.5° C. 

14.5° C. 

18.5° C. 

22.5° C\ 

26.8° C. 

30.1° C. 

31.1° C. 

Botry tis cinerea - - . 

4 

0 

13 

20 

22 

16 

0 

0 


• 

19 

25 

37 

49 

23 

0 

0 



9.7° C. 

15.2° C. 

19.6° C. 

23.2° C. 

27.6° C. 

30.1° C. 

31.1° C. 

Alternaria citri 

4 

0 

0 

0 

0 

0 

0 

0 


6 

0 

0 

10 

12 

10 

12 

0 

Trichoderma lignorum 

4 

0 

0 

0 

0 

0 1 

0 

0 


6 

0 

0 

0 

47 

72 

84 

0 

O. citri-aurantii 4- B. cinerea 4 A. 

4 

10 

14 

18 

38 

41 

39 

37 

citri 4 T. lignorum. 

6 

14 

27 

35 

63 

82 

88 

53 



9.7° C. 

14.7° C. 

19.3° C. 

23° C. 

27.3° C. 

30.1° C 

32.2° C\ 

Aspergillus niger 4 Penicillium 

4 

0 

45 

86 

97 

70 

35 

35 

italicum 4 P. digitatum. 

0 

16 

93 

150 

150 

150 

54 

57 

A. niger 4 P. italicum 4 P. digi- 

4 

15 

28 ! 

68 

88 

74 

88 

38 

tatum 4 A. citri 4 T. lignorum 4 

6 

26 

100 

• 150 

• 150 

• 150 

133 

61 

B. cinerea 4 O, citri-aurantii. 










» Entire circumference of fruit. 
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Table 13 . — Rate of decay at different temperatures of citrus fruits inoculated with 
combinations of fungi } in comparison with that of fruits inoculated with each fun - 
gus alone — Continued 

ORANGES 



Days 

after 

inocu- 

1 Diameter in millimeters of decayed spots in fruit stored 



at temperatures indicated 


Inoculum 








11.5° C. 

15.9° C.l 

19.8° 0. 

23.5° C. 

27.3° C. 

30.2° C. 

31.9° C. 


lation 

0. citri-aurantii 

4 

0 

0 

11 

12 

21 

29 

29 


6 

0 

io ! 

27 

29 

45 

55 

52 

, 


9.5° C. 

14.5° C. 

18.5° C. 

22.5° C. 

26.8° C. 

30.1° C. 

31.1° C. 

B. cinerea - 

4 

0 

0 

14 

14 

0 

0 

0 

0. citri-aurantii 4* B. cinerea 4- T. 
lignorum 4- A. citri *. 1 

6 

9 

12 

22 

22 | 

13 

o 

0 











9.7° C. 

14.7° C. 

19.3° C. 

23° C. 

27.3° C. 

30.1° C. 

32.2° C. 

A. niger + P. italicum + P. digitatum 

4 

0 

41 

66 

89 

102 

47 

50 

6 

13 

80 

« 200 

a 200 

- 200 

62 

78 

A. niger -f P. italicum + P. digi- 

4 

9 

23 

43 

64 

72 

27 

23 

tatum + T. lignorum + B. cinerea 
+ A. citri -f 0. citri-aurantii. 

6 

21 

60 

96 

118 

126 

45 

42 


« Entire circumference of fruit. 

6 No decay from T. lignorum, A. citri or this combination in six days. 


The combination of the four fungi, Oospora citri-aurantii 4- Botrytis 
cinerea 4 Altenaria citri 4 Trichoaerma lignorum, in lemons 
(Table 13) shows an increase in rate of decay as compared to that of 
any of these fungi acting alone at a temperature about 23° C. and 
higher. The rate of growth of the combination of the seven fungi 
(Table 13) showed a slight increase over that of Aspergillus niger 4 
Penicillium italicum 4 P. digitatum only at the three lowest and the 
two highest temperatures. 

In oranges the combination of the seven fungi (Table 13) showed a 
rate of decay less than that of Aspergillus niger 4 Penicillium itali- 
cum 4 P. digitatum except at 9.7° C. The external manifestations 
were quite similar to those noted in the experiment with Botrytis 
cinerea 4 P. italicum 4 P. digitatum 4 A. niger already described. 

Isolation tests from decayed spots produced by a mixture of the 
seven fungi are shown in Table 14. Isolations were made from the 
albedo region under the surface. As may be seen from this table, 
Oospora citri-aurantii was isolated in every case except one in lemons, 
and it was the only fungus found at 32.2° C., while in oranges 0 . citri- 
aurantii was not isolated so often and was displaced by Aspergillus 
niger at 32.2°. In this respect this combination of seven fungi gave 
an isolation response similar to that of the combination 0 . citri-aurantii 
4 Penicillium italicum 4 P. digitatum 4 A. niger of Table 11. 
Trichoderma lignorum was also isolated only under the inoculated 
wound in both oranges and lemons from 19.3° to 30.1°. Botrytis cin- 
erea did not appear in any of the isolation tests. 
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Table 14. — Isolation cultures from decayed spots produced by inoculations with a 
mixture of Aspergillus niger , Penicillium italicum , P. digitatum , Alternaria citri y 
Trichoderma lignorum , Botrytis cinerea, and Oospora citri-aurantii 

LEMONS 


Tempera- 
ture (° C.) 

Advancing mar- 
gin of decay 

Place in decayed spots from which tests were made 

Midway from margin rot to wound 

Under the inoculated w r ound 

19 3 

O. citri-aurant.ii 
4* Penicillium 
digitatum. 

P. digitatum 

O. citri-aurantii 

0. citri-aurantii 4* P. italicum 

O. citri-aurantii 4- T. lignorum. 

A. citri 4- 0. citri-aurantii. 

T. lignorum + 0. citri-aurantii. 

T. lignorum 4- O. citri-aurantii 4* 
A. niger. 

O. citri-aurantii. 

20.3 - 

27.3 — - 

I 0. citri-aurantii 

do— 

30.1 

..do - ... 

! do— — 

32.2 

do . 

i .. do. 


1 i 1 


ORANGES 


19.3- 

20.3- 

27.3- 


I 

P. digitatum +0. ! P. italicum 4- O. citri-aurantii. 
citri-aurantii. 1 

P. digitatum do 


I 


do O. citri-aurantii 

30.1 O. citri-aurantii.-! (). citri-aurantii 4- A. niger. 

32.2 Aspergillus niger- ' A. niger 


P. italicum O. citri-aurantii 4* 
T. lignorum. 

T. lignorum -f P. italicum -f O. 
citri-aurantii. 

P. digitatum 4- O. citri-aurantii -f 
T. lignorum. 

T. lignorum 4- A. niger + O. citri- 
aurantii. 

A. niger. 


COMBINATION EXPERIMENTS AT LOW AND MEDIUM 
TEMPERATURES 

Some of the more important organisms known to produce decay at 
low or medium temperatures were tested by inoculating fruits with 
them and placing the fruits in seven different temperature chambers 
ranging from 3° to 18.3° C. This experiment was begun on July 11, 
1927. 

Seven groups each containing 35 lemons and 35 oranges were used, 
with inocula as follows: (1) Penicillium italicum , (2) P. digitatum , (3) 
Botrytis cinerea, (4) Oospora citri-aurantii, (5) Sclerotinia libertiana, (6) 
P. italicum -f- P. digitatum + B. cinerea + 0. citri-aurantii -f S. 
libertiana, and (7) check. Each group was divided into seven lots of 
5 lemons and 5 oranges, and a lot was placed at each of the seven tem- 
peratures shown in Table 15. Bits of mycelia instead of spores were 
used for inoculations with S. libertiana. 

It was not feasible to combine the rates of decay in this experiment 
(Table 15) with those shown in Tables 5, 9, and 12 since it was neces- 
sary to use fruits of a different degree of maturity because of the 
difference in the season. The previous experiment was made in 
February and the last one in July. In most cases in oranges the rates 
of decay were higher in this experiment than in the earlier ones where 
a few of the same temperatures were again used. (Compare Tables 
5, 9, and 12 with Table 15.) However, with lemons at some of the 
temperatures there was considerable agreement. The actual rate of 
decay in any one chamber should be considered of less significance 
than the differences in rates of decay in relation to temperature as a 
whole. (Table 15.) 
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Table 15 . — Hate of decay at low and medium temperatures of lemons and oranges 
inoculated with various fungi 

LEMONS 


Inoculum 

Days 

after 

Diameter in millimeters of decayed spots on fruit stored at— 

inocu- 

lation 

3° 0. 

7.3° C. 

10.2° C. 

12.9 C O. 

16° C. 

17.4° C. 

18.3° C. 

Penicillium italicum 

4 

0 

0 

11 

20 

29 

37 

41 


6 

0 

13 

24 

40 

51 

70 

75 


8 

0 

26 

45 

70 

73 

98 

103 

P. digitatum 

4 

0 

0 

13 

44 

79 

110 

138 

6 

0 

20 

42 

123 

151 

150 

150 


8 

0 i 

66 

104 

148 

“ 160 

“160 

“160 

Botrytis cinerea- - - 

4 

0 

0 

0 

10 

14 

18 

16 

6 

0 

0 

13 

22 

38 

27 

29 


s 

0 

12 

28 

46 

72 

“160 

92 

Oospora citri-aurantii 

4 

0 

0 

0 

0 

17 

24 

25 

6 

0 

0 

10 

22 

37 

44 

48 


8 

0 

0 

22 

41 

55 

54 

68 

Selerotinia libertiana 

4 

0 

0 

17 

10 

35 

50 

34 


6 

0 

0 

22 

25 

81 

122 

87 

P. italicum 4* P. digitatum + 0. 
citri-aurantii -f B. cinerea + S. 

8 

0 

15 

47 

57 

128 

148 

150 

libertiana 

4 

0 

0 

10 

17 

59 

94 

136 


6 

0 

9 

20 

89 

155 

155 

j 154 


8 

L 

0 

20 

83 

150 

“160 

! 

160 

“160 


ORANGES 


P. italicum 

4 

0 

0 

13 

! 31 

32 

33 

30 


6 

0 

11 

43 

83 

117 

130 

135 


8 

0 

J 7 

69 

113 

114 

158 

160 

.B. cinerea 

4 

0 

0 

0 

0 

13 

12 

10 

6 

0 

0 

0 

10 

15 

18 

14 


8 

0 

0 

8 

15 

18 

22 

18 

O. citri-aurantii 

4 

0 

0 

0 

8 

10 

17 

17 


6 

0 

16 

20 

14 

15 

41 

30 


8 

0 

19 

63 

30 

20 

58 

40 

S. libertiana . 

4 

0 

0 

0 

0 

15 

10 1 

12 


6 

0 

0 

0 

0 

25 

30 

28 

P. italicum -f B. cinerea ~f O. citri- 

8 

0 

0 

0 

0 

| 56 

77 ! 

“200 

aurantii + S. libertiana--- 

4 

0 

14 

25 

40 

55 

85 j 

80 


6 

0 

16 

46 

75 

1 99 

136 

136 


8 

0 

25 

73 

107 

136 

160 

160 


° Entire circumference of fruit. 


The external manifestations of the fungi not in combination showed 
no marked differences from those already described in previous 
experiments except that spores of Penicillium italicum appeared at a 
temperature as low as 7.3° C. after six days. In the combination at 
7.3° more P. italicum showed outside than did P. digitatum; at 10.2° 
and 12.9°. P. italicum occurred in the center followed by Botrytis 
ciner ea and then by P. digitatum up to the advancing margin; at 
temperatures from 16° to 18° B. cinerea was displaced by Oospora 
citri-aurantii. P. digitatum was the only fungus isolated from the 
margin of decay in the fruit of four different chambers. 

In lemons the combination of fungi seemed to produce a decided 
decrease in rate of decay as compared with the fungus producing the 
highest rate of decay when acting alone. In oranges the combination 
seemed to hasten slightly the beginning of decay at low temperatures 
(7° to 10°), but from 13° to 18° it produced about the same rate of 
decay as did Penicillium italicum alone. 
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COMBINATIONS WITH INOCULUM OF MYCELIUM 

An experiment was carried out at each of the seven maintained 
temperatures with six groups of lemons and six groups of oranges, 
with inocula as follows: (1) IHplodia natalensis (2) Dothiorella ribis y 
(3) Phomopsis calif ornica y (4) Pyihiacystis citrophthora , (5) Sclero- 
tinia libertiana y and (6) a mixture of the five fungi just mentioned. 
Each group contained 35 lemons and 35 oranges divided into seven 
lots of 5 lemons and 5 oranges, and a lot placed at each of the tem- 
peratures shown in Table 16. 

This experiment was performed as previously indicated except for 
the manner of preparing the inoculum. The mycelia of fungi which 
fruit less rapidly in culture were transferred to tubes of sterile water 
and crushed out in very small pieces. A tube of melted glucose- 
potato agar at 41° C. was transferred to the crushed mycelium 
and shaken constantly while it was solidifying. A fairly uniform 
distribution of the inoculum resulted. A small amount of sterile 
water was added until a gelatinous mixture was obtained. The 
wound in the fruit made as in previous experiments was filled with 
this mixture of mycelium by means of a small spatula. The results 
are given in Table 16. 

Table 16. — Rate of decay at different temperatures of lemons and oranges inoculated 
with various fungi alone and in combination 

LEMONS 



Days 

Diameter in millimeters of decayed spots on fruit stored 
at — 

Inoculum 

after 


















lation 

6.5° C. 

13.1° C. 

18.2°C. 

22. 8° C. 

27.6°C. 

b 

o 

I- 

8 

32. 8° C. 

Diplodia natalensis 

4 

0 

0 

21 

59 

80 

155 

116 


6 

0 

10 

54 

59 

154 

160 

159 


H 

0 

24 

54 

155 

« 160 

• 160 

• 160 

Dothiorella ribis 

4 

0 

0 

0 

11 

13 

10 

8 


6 

0 

9 

16 

15 

14 

11 

8 


8 

0 

9 

32 

32 

18 

13 

8 

Phomopsis californica ... 

4 

0 

0 

13 

14 

0 

8 

0 


6 

0 

20 

35 

34 

9 

8 

0 


8 

0 

24 

50 

60 

10 

8 

0 

Pythiacystis citrophthora 

4 

JO 

32 

55 

69 

89 

43 

0 


6 

15 1 

57 

88 

139 

139 

44 

0 


1 8 

25 

80 

118 

155 

» 160 

60 

0 

Sclorotiuia libertiana 

4 

0 

0 

32 

38 

15 

10 

0 


6 

19 

37 

63 

80 

60 

14 

0 

j 

8 

23 

83 

105 

120 

105 

18 

0 

Mixture of above fungi 

4 

0 

19 

38 

78 

155 

155 

155 


i 6 

0 

22 

97 

155 

» 160 

° 160 

! » 160 


8 

0 

35 

155 

- 160 

• 160 

• 160 

« 160 


ORANGES 


D. natalensis 

D. ribis 

4 

6 

8 i 

4 

6 

8 

oooooo 

0 

0 

0 

0 

0 

0 

11 

35 

60 

0 

12 

12 

40 

99 

° 200 
10 
14 
23 

74 
126 
• 200 
11 
16 
22 

101 
167 
* 200 
10 
12 
13 

96 
152 
- 200 
11 
11 
13 

P. citrophthora 

4 

0 

0 

23 

41 

51 

26 

6 


6 

0 

25 

54 

79 j 

76 

27 

0 


8 

0 

32 

74 

101 

114 

28 

0 

S. libertiana 

4 

0 

0 

15 

15 | 

0 

0 

0 


6 

0 

0 

55 

80 

0 

0 

0 


8 

0 

0 

85 

130 

0 

0 

0 

Mixture of above fungi 

4 

0 

0 

33 

67 

74 

• 200 

117 


6 

0 

0 j 

39 

110 

106 

° 200 

• 200 


8 

0 

0 

62 

« 200 

• 200 

-200 

•200 


* No decay in 8 days. 0 Entire circumference of fruit. 
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Both in lemons and in oranges the combined inoculations resulted 
in the complete dominance of the external color and odor character- 
istic of Diplodia natalensis. The rapidity of decay of lemons due to 
the mixture was less than that of the most rapid organism acting 
alone at 6.5° and 13.1° C., but the rapidity of decay due to the 
mixture was greater at higher temperatures. In oranges the combi- 
nation produced an inhibition at 6.5° and 13.1°, an increase at 30.7° 
and 32.8°, but showed a decay about equal to that of I), natalensis at 
intermediate temperatures. Using the method previously indicated, 
the writers made 40 isolations from the combined inoculated fruits, 
taking the tissue from under the advancing margin, midway from 
margin to center, and under the inoculated wound. In 38 cases the 
cultural tests showed the presence of D. natalensis alone. 
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COMPARISON OF RATES OF DECAY FOR ALL THE FUNGI USED 

Tables 17 and 18 show the decay in terms of percentage of the 
circumference of the fruit rotted at the temperatures and times indi- 
cated. The fungi are arranged in a manner to show those that pro- 
duce decay most readily at higher temperatures as compared with those 
that produce decay most readily at lower temperatures. The fungi 
producing decay most rapidly at the higher temperatures, 30° to 33° C., 
on lemons are Aspergillus niger, Diplodia natalensis , Oospora citri- 
aurantii, and Trichoderma lignorum . The fungi producing decay in 
eight days at the low temperature of 7° or below are Pythiacystis 
citrophthora, Sclerotinia libertiana , Botrytis cinerea, Penicillium digitatum, 
and P. italicum. All the fungi produce decay readily at the interme- 
diate temperatures. 

DISCUSSION AND CONCLUSIONS 

The results of these experiments as a whole, although somewhat 
confusing in certain particulars, appear to justify certain rather 
definite conclusions. 

Some of the striking features to be^ noted are: (1) The selective 
effect of temperature, in many cases enabling one organism in a 
mixture to dominate the others in producing decay; (2) the depressing 
or accelerating effect of a given mixture on rate of decay as compared 
with that produced by the most rapidly growing organisms of the 
mixture when used alone; (3) the influence of given mixtures of 
organisms on the color and consistency of decay; and (4) the differ- 
ences in temperature range, and in optimum, maximum, and mini- 
mum temperatures of the various organisms for decay during a 
given time. 

The selective effect of temperature was strikingly shown in the 
mixture of Aspergillus niger, Penicillium digitatum, and P. italicum 
where Aspergillus dominated all the others at the higher tempera- 
tures and P. italicum at the lower, with graduating mixtures -at inter- 
mediate temperatures. This selective effect in most cases (not all) 
appeared to be related to the proximity of the given temperature 
to the range for optimum growth of the dominant fungus when acting 
alone. A. niger is known to grow well at temperatures above 
which the two species of Penicillium make only a slow growth. 
P. italicum , on the other hand, grows better at lower temperatures 
than P. digitatum , and at such temperatures A. niger makes a very 
feeble growth. 

The selective effect also appears to be influenced by the resistance 
or susceptibility of the host as shown in the mixture Penicillium 
digitatum + P. italicum 4 - Oospora citri-aurantii + Aspergillus niger, 
where 0. citri-aurantii dominated at the highest temperature in 
lemons and A. niger in oranges. While lemons and oranges show 
very little difference in susceptibility to A. niger, lemons are much 
more susceptible to 0. citri-aurantii than are oranges. In the mixture, 
therefore, 0. citri-aurantii was able to dominate A . niger in lemons, 
but not in oranges at the same range of temperature. 

The increase or decrease in rate of decay produced by mixtures of 
fungi as compared to the rate of decay caused by the most rapid 
organisms alone was marked in some cases, but in many others the 

62856 — 29 3 
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rate of decay was not greatly changed. This increase or decrease 
varied not only with temperature, but with different combinations of 
organisms. The mechanism of this depression or acceleration of the 
mixture is probably related to the combinations of enzymes that are 
present ana their action in making food materials for growth available, 
or in producing inhibiting substances. The specific food require- 
ments of the respective fungi and the competition which these imply 
are probablv of prime importance in attempting an explanation of the 
behavior of the fungi in mixtures. Further work on this phase of 
decay is greatly needed. Qualitative and quantitative study of the 
enzymes of the fungi is suggested. The most striking example of 
increase in decay due to the combined effect of organisms is the com- 
bination Oospora citri-aurantii and Penicillium digitatum , where the 
combined inoculation showed a rate of decay as great as or even 
greater than the sum of the rates of 0 . citri-aurantii and P. digitatum 
when used separately. Similar effects, though less pronounced, due 
to other combinations were also evident, such as certain mixtures 
containing Diplodia natalensis. Depression in rate of decay due to 
mixed inoculations was not so striking, but was evident in a number 
of cases. The rate of decay caused by a mixture of P. digitatum and 
P. italicum was less than that of P. digitatum alone except at the 
highest and lowest temperatures. The presence of Botrytis cinerea 
in certain mixtures also had a retarding effect on decay as compared 
to the rate of the most rapid organism of the mixture. The influence 
of mixtures of organisms on the type of decay was often very notice- 
able. Increase in softness or in ease of puncturing or pliability was 
noted in mixtures as compared to decay caused by any one com- 
ponent of the mixture acting alone. Color changes on the surface 
or in the interior were also noted, as for example, the pinkish discolo- 
ation produced by a mixed infection of P. italicum and P. digitatum 
at certain temperatures. The experiments served to confirm previous 
observations which indicated that this characteristic may be used to 
determine w T hether or not a mixture of the two organisms is present 
in decayed fruits. 

The results also serve to point out in a general way which of the 
various fruit-decay organisms are most important at the different 
ranges of temperature in storage. A low- temperature group as 
contrasted with a high-temperature group was evident. At an 
intermediate range of temperature some organisms from both the 
low-temperature and high-temperature groups are seen to be im- 
portant. It should be pointed out that, if given sufficient time, 
many of these organisms may produce some decay over much wider 
ranges than those indicated in these short-time experiments. 

The results of this investigation have served to suggest a partial 
explanation for certain decay phenomena in field, packing houses, 
and during transit, that were not previously well understood. Mix- 
cures of spores of different organisms are more likely to be present 
under the usual conditions of handling the fruit than spores of a 
single organism. The results obtained from mixed inocula, therefore, 
together with the results from single inoculations, give a better basis 
for the interpretation of what goes on under commercial conditions . 
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SUMMARY 

Some of the conditions which might cause variations in the rate 
of decay of citrus fruits, aside from mixture of organisms and tem- 
perature, were first considered. 

It was determined that a variation in the number of Penicillium 
italicum spores between approximately 125,000 and 2,000,000 per 
cubic centimeter of inocula made little difference in the rate of 
decay. 

At an air humidity of about 43° and an air temperature of 22.2° C. 
the rate of decay of citrus fruits inoculated with Penicillium italicum 
was the same whether the inoculum was inserted 3, 6, or 9 days 
after they were picked. When the fruits were inoculated soon after 
they were picked, the rate of decay was slightly greater. 

It was found that seven lots of mature lemons, each held for two 
weeks at a different temperature, ranging from 9.8° to 31° C., and 
then inoculated with Penicillium italicum. showed no difference in 
rate of decay due to differences in previous exposure. 

Lemon fruits held at temperatures alternating from 9.8° to 27.1° C. 
every 12 hours showed average rates of decay not far from those of 
fruits held at a constant intermediate temperature. 

An increasing rate of decay related to changes in color of lemons 
from deep green to deep yellow was found. This increasing rate of 
decay also corresponded to a decreasing resistance of the rind to a 
pressure necessary to puncture it. 

When inocula containing certain mixtures of spores were used the 
rate of decay greatly increased; when inocula containing certain other 
mixtures were used the rate was lower than when any one of the 
components of the mixture was used alone; and when inocula con- 
taining still other mixtures were used the rate approximated that 
of the most rapid component acting alone. With most mixtures 
temperature had an important influence on decrease or increase in 
rate. 

A mixed inoculum containing spores of Penicillium italicum and 
P. digitatum gave increased rates of decay on lemons at the higher 
and lower ends of the temperature range. The mixture also pro- 
duced a reddish discoloration of the decayed tissue. . 

A mixed inoculum containing Aspergillus niger , Penicillium itali- 
cum , and P. digitatum produced at the lower temperatures higher 
rates of decay than the highest rate of any one of the fungi alone. 

Oospora citri-aurantii in mixtures with Penicillium italicum and 
P. digitatum caused greatly accelerated rates of decay, especially on 
lemons, where at low and intermediate temperatures the rate was 
more than the sum of the rates produced by the fungi alone. 

Botrytis cinerea in mixtures with Penicillium italicum and P . digi- 
tatum appeared to have a depressing effect on the rate of decay. 

In other mixtures Botrytis cinerea appeared as a rule to have a 
depressing effect at low and intermediate temperatures, Aspergillus 
niger to have an accelerating effect at intermediate and high tem- 
peratures, and Oospora citri-aurantii to have an accelerating effect 
at nearly all temperatures. 
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COTTON ROOT-ROT INVESTIGATIONS IN ARIZONA 1 


By C. J. King, Agronomist , and H. F. Loomis, Assistant Agronomist, Office of 

Cotton , Rubber , and Other Tropical Plants , Bureau of Plant Industry , United 

States Department of Agriculture 

INTRODUCTION 

Studies have been conducted during recent years on the cotton 
root-rot disease at different places in the Southwestern States. These 
have contributed new information on the habits of the fungus, 2 its 
manner of spreading through the soil, its recurrence from year to year, 
its fruiting behavior, factors influencing its severity, and treatments 
that check its advance or effect its partial control. During the 
seasons 1925, 1926, and 1927 further evidence was obtained at the 
United States Field Station at Sacaton, Ariz., that certain chemical 
disinfectants and organic manures are effective in reducing the injury 
and that the fungus is more destructive and more persistent in recur- 
rence at the margins of areas where new territory is being invaded. 
The behavior of the fungus in cultures on different media, its ability 
to grow on dead roots, and the relationship of dead roots in carrying 
over the disease in the soil were also Studied. The results of these 
experiments and observations are reported and discussed in this paper. 

USE OF CHEMICAL DISINFECTANTS 

The possibility of controlling root rot by the use of disinfectants 
applied to the soil (fig. 1) has occurred to several investigators, but 
the results of experiments have not indicated that control by such 
measures can be made practicable. 

The efficiency of formaldehyde for eradicating the disease for small, 
isolated spots has been reported by the senior writer in previous pub- 
lications (l f 2 ). 3 Recognizing the advantages afforded under irriga- 
tion for applying solutions that should be expected to reach the 
fungus in all parts of the root zone, the senior writer conducted experi- 
ments in 1923 and 1924 irrigating badly infected areas with solutions 
of formaldehyde. The results of these tests (2) were sufficiently 
promising to justify further study. 

When the tests were continued in 1927 it had become known from 
previous study that the disease is likely to show more injuries in 
areas that were only recently involved than in areas that have shown 
the disease in varying degrees for several years. For this reason 
plots were selected for treatment on the outside margin of a root-rot 
area where there had been a recent invasion. A circular area of 
disease had extended into plot C2-15 about 1919 and by 1925 had 
crossed into C2-14, a distance of 53 feet. The diseased area in these 
two plots was measured and charted in 1926. (Fig. 2.) In the 
spring of 1927 this area, together with the marginal area 4 feet beyond 


1 Received for publication Sept. 21, 1928; issued August, 1929. 

3 Phymatotrichum omnivorum (Shear) Duggar. 

8 Reference is made by italic numbers in parentheses to “ Literature cited," p. 221. 
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the arc of the active disease, was checked off into basins about 8 by 8 
feet. The basined area on plot C2-14, which included 452 square 
feet, was treated with carbon bisulphide, applied with the irrigation 



Figure l.—A, Attempt to exterminate small isolated spots of root-rot disease in an alfalfa field 
by perforating the soil around the dead plants with holes and repeatedly filling these with 
formaldehyde. Only two plants shown in the inner circle of plugged holes had died when the 
treatment was made, and the disease in this case was arrested, but many similar trials were 
unsuccessful in preventing further spread through the soil. B, Method of applying disinfect- 
ants to infected areas before planting cotton in the spring. Formalin (1 per cent) and cresylic 
acid (2 per cent) were found to be very effective in preventing the recurrence of the disease where 
it had extended into new areas 

water, 1 part to 100 at the rate of 3 acre-inches. On plot C2-15 an 
area of 1,903 square feet was basined, and 3 acre-inches of a 2 per 
cent solution of cresylic acid was applied to 1,080 square feet. To 
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the remaining 823 square feet a solution of formaldehyde (1-100) 
was applied, likewise at the rate of 3 acre-inches. (Fig. 1, B.) 

The disinfectants were applied on April 22, just after a stand of 
Pima cotton seedlings had broken through the ground. All of the 
cotton seedlings were killed by the different solutions, and where the 
cresylic acid was applied Bermuda grass which had been turned under 
without being killed was apparently exterminated. The cotton was 
replanted on April 28, and the new seedlings appeared to be little 
affected by the disinfection of the soil. Germination, however, was 
a little slower where the cresylic acid had been applied. 

It was apparent early in the season that the carbon-bisulphide 
treatment on plot C2-14 had not reduced the root rot to any great 
extent. Several centers of infection appeared in July and August, 



Figure 2.— -Effects of formaldehyde and cresylic acid on areas recently invaded by the root-rot 
fungus in plot 02-15. The carbon -bisulphide treatment on plot C2-14 apparently had no effect 
on the fungus. Infection shown by heavy lines 

and by the end of the season the infection was more extensive than 
in the year previous. On plot C2-15, however, the areas treated with 
cresylic-acid and formaldehyde solutions showed no infection until 
late in the season, and only five plants were dead when inspection 
was made on October 29. 

Diagrams showing the extent of the disease in 1926 and 1927 on 
these two plots and on C2-1G, used for control, are shown in Figure 2. 
Although the extent of infection on control plot C2-16 was less in 
1927 than in the year previous, it will be noted that the three prin- 
cipal centers of infection still persisted, whereas in plot C2-15 one of 
the two principal spots of infection disappeared entirely, and the 
other showed no evidence of the disease until late in the season, when 
a few small spots appeared and six or eight plants were killed before 
the first frost occurred. 
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INFECTION 
PER. CENT 


7.06 


24.6 


f.5 


30.5 


Fioube 4. — Area infected by root rot (heavy lines) In quarter-acre experimental plots at the end 
of the season of 1926. Plots 02-17, C2-21, and C2-23 had received applications of organic mate- 
rials for four years and plot C2-19 for six years 6 
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CONTROL EXPERIMENTS WITH ORGANIC MANURES 

The effects of farmyard manure and rotted alfalfa on the occurrence 
of the root-rot disease in certain areas at the United States Field 
Station at Sacaton, Ariz., have beon reported by King and Loomis (£) 
for the years 1921 to 1924. The experiments were continued during 
1925, 1926, and 1927, the farmyard manure being applied in furrows 
to plots C2-17, C2-19, and C2-21, and rotted alfalfa to plot C2-23, 
and the alternate plots C2-16, C2-18, C2-20, C2-22, and C2-24 receiv- 
ing no treatment. Seed of the Pima (Egyptian) cotton was planted in 
rows directly over the trenches of buried organic matter. At the 
end of each season, just before the frost period, the locations of all 



Figure 5.— Area infected by root rot (heavy lines) in quarter-acre experimental plots at the 
end of the season of 1927. Plots C2-17, C2-21, and C2-23 had received applications of organic 
materials for five years and plot C2-19 for seven years 

dead plants were determined by measurements, and maps were 
prepared showing diseased areas. These maps constitute Figures 
3 to 5. 

At intervals of two weeks during the period when plants were 
being killed by the disease the number of dead plants in each plot 
was recorded. These data are shown in Table 1. 

It will be noted from the diagrams that the infection had been 
reduced generally throughout all of the nine plots, but the reduction 
was much greater on plots where the organic manures were applied. 
As previously reported (4), the extent of infection in C2-17 in 1922 
included 65.6 per cent of the area, and the infection in C2--19 in 1919 
included 71.7 per cent of the area. In 1927 plot C2-17 was entirely 
free from the disease after five years of the manure treatment, and 
only 0.03 per cent of the area of plot C2-19 was infected after seven 
years of treatment. 
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Table 1 . — Number of cotton plants killed by the root-rot disease during intervals 
of two weeks on }i-acre manured and control plots ° at the United States Field 
Station , Sacaton , Ariz., in 1925 , 1926, and 1927 


Year, plot, and treatment 


C2-24, 

C‘2-23 

C2-22, 

C2-21 

C2-20, 

C2-19 

02-18, 

02-17 

02-16, 


1925 

control 

(manured 6 3 years) 

control 

(manured 3 years) .. . 

control 

(manured 5 years).. 

control 

(manured 3 years)., 
control 


rior 

to 

LXg. 1 

Aug. 

15 

Sept. 

1 

Sept. 

15 

Oct. 1 

Oct. 16 

258 

612 

438 

354 

254 

45 

15 

32 

24 

67 

12 

11 

52 

131 

136 

119 

76 

10 

3 

13 

26 

83 

37 

3 

52 

152 

147 

141 

88 

13 

10 

3 

6 

24 

7 

2 

76 

224 

188 

166 j 

75 

40 

3 

12 

15 

36 

15 


83 

209 

206 

202 

■ 

112 

82 


Oct. 22 


Nov. 

10 


Total 

dead 

plants 


1,961 

151 

524 

165 

693 

52 

769 

88 


Year, plot, and treatment 

July 

27 

Aug. 

10 

Aug. 

24 

Sept. 

8 

Sept. 

22 

Oct. 7 

Oct. 22 

Nov. 

10 

Total 

dead 

plants 

1926 










C2-24, control 

17 

89 

116 

171 

330 

129 

28 

34 

914 

C2-23 (manured » 4 years)... 

1 

18 

14 

9 

55 

50 

5 

1 

153 

C2-22, control 

12 

22 

36 

50 

75 

65 

11 

12 

283 

02-21 (manured 4 years). 

5 

10 

19 

8 

84 

26 

11 

2 

165 

C2-20, control 

15 

114 

182 

111 

162 

37 

7 

3 

631 

C2-19 (manured 6 years) 

0 

1 

1 

2 

8 

5 

0 

0 

17 

C2-18, control 

42 

81 

89 

82 

180 

74 

23 

10 

581 

02-17 (manured 4 years) 

3 

2 

2 

1 

11 

18 

2 

0 

39 

02-16, control.. 

17 

54 

107 

104 

268 

91 

46 

15 

702 

Year, plot, and treatment 

July 

28 

Aug. 

11 

Aug. 

25 

Sept. 

8 1 

Sept. 

23 

Oct. 6 

Oct. 20 

Nov. 

3 

Total 

dead 

plants 

1927 










02-24, control. 

13 

27 

41 

84 

121 

67 

60 

0 ! 

413 

C2-23 (manured b 5 years). .. 

12 

14 

20 

39 

31 

7 

4 

0 

127 

02-22, control 

2 

2 

0 

6 

6 

5 

25 

0 

45 

02-21 (manured 5 years) 

1 

0 

1 

9 

26 

11 

14 

0 1 

62 

02-20, control 

4 

3 

35 

164 

139 

33 

11 

0 

389 

02-19 (manured 7 years) 

0 

0 

0 

0 

1 

3 

3 

o 

7 

02-18, control 

46 

43 

36 

92 

78 

67 

49 

0 

401 

02-17 (manured 5 years) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C2-16, control 

28 

23 

58 

82 

1 

108 

68 

32 

3 

402 


• The number of plants per plot was approximately 2,600. b Spoiled alfalfa. 

The breaking up of infected areas without the influence of cultural 
treatment in places where the disease has been more or less continuous 
for several years is strikingly shown by the behavior on plot C2-24 
during the years 1925 to 1927. This large area of almost solid infec- 
tion began to break up in 1926, and in 1927 the dead plants were 
widely scattered except near the extreme ends, where solid spots of 
considerable size remained. The same phenomenon is also shown 
in plot C2-22, where in 1919 nearly 70 per cent of the total area was 
diseased (4) and in 1927 only 1 per cent. (Fig. 4.) 

There appears to be no reason to doubt that the treatment with 
organic manures was effective in reducing plant losses. (Fig. 6.) 
Also, it may be considered that the reduction of infection on the 
treated plots had some effect in causing the general reduction through- 
out the entire series. In most cases where observations have been 
made over a long period of years with no control measures attempted 
jfchere has been a tendency for the disease to become more extensive 
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and more damaging in infected areas that are planted successively to 
cotton. In the nonirrigated cotton areas the proportion of the plants 
killed each season may be very variable because of the varying summer 



Figure 6. — A, Effect of manuring on the occurrence of root-rot disease in cotton. The 7-row plot 
in the foreground had received no manure, while the plot on the right was manured for four years 
and the plot on the left for six years. Note the effectiveness of the outside rows of the treated plots 
as barriers against invasion of the disease from the outside. B, Effectiveness of manure applied 
in trenches as a barrier against the spread of the root-rot disease. All of the plants in the two rows 
in the right foreground are dead over a length of 100 feet, while the plants in the adjoining row on 
the left, where tne manure had been applied, remained healthy 

rainfall, but as a rule the disease becomes more destructive the longer 
it has access to a susceptible crop. The gradual decrease in the 
extent of disease in the entire area, including treated and control 
plots, is shown in Table 2. 





206 


Journal of Agricultural Research 


Vol. 39, No. 3 


Table 2. — Average percentage of area infected with the root-rot disease on alternate 
control and manured y^-acre plots at the United States Field Station , Sacaton f 
Ariz., 1919-1927 


Plots 

1919 

1920 

1921 

1922 

1 

1923 

1924 

1925 

1926 

1927 

Control plots: 

C2-16, C2-18, C2-20, C2-22, and 
C2--24 

59. 7 

57.3 

i " 

32.2 

44.3 

23.3 

28.8 

30.1 

27.8 

11.9 

Manured plots: 

C2-17, C2-19, C2-21, and 02-23... 


“13. 8 

i 

“14. 1 

10.0 

8.5 

5.0 

3.8 

1.9 


«* Only C2-19 treated in 1921 and 1922. 


The highest percentage of infection occurred in 1919, when 59.7 per 
cent of the area was involved. In 1927 only 11.9 per cent of the total 
area in the five control plots was affected by the disease and only 
1.9 per cent of the area in the manured plots. It seems reasonable 
to suppose that restricting the growth of the fungus in part of the 
plots, which were only 26.5 feet in width, also resulted in restricting 
the progress of the mycelium into new ground where it would have 
been more destructive. Apparently by confining it to rather defi- 
nite bounds a reduction in losses was obtained. 

It is apparent from the data shown in Table 1 that the disease was 
later in effecting injury to the cotton plants in plots treated with 
organic manures than where no treatment was given. In 1926 only 
9 plants had died on the four manured plots prior to July 27, while 
103 plants had died on the five control plots. 

. Considering our present knowledge of the rate of spread of the 
disease in cotton fields (3, 5), which in Arizona varies between 12 and 
20 feet per season, it is interesting to note the manner in which the 
advance of the disease was halted when it reached the outside rows of 
the manured plots. (Fig. 6.) From Figure 5, showing the extent of 
the infection in 1927, it will be noted that row 7 on plot C2-17 was 
exposed to nearly 100 feet of infection on the adjacent row of control 
plot C2-18, less than 4% feet away, yet no plants on row 7 died. 
Row 1 on the same plot was exposed to about 20 feet of infection 
from the adjacent row on control plot C2-16, but there was no evi- 
dence of injury to the plants on row 1. On C2-19 the only infection 
that occurred during the years 1926 and 1927 was located on outside 
rows 1 and 7 (figs. 4 and 5), which indicates that the mycelium 
invaded these rows from the control plots but was unable to make 
rapid progress. A number of excavations were made in plots C2-17 
and C2-19 at the end of the season in 1926 and 1927 to determine 
whether any of the roots of the plants, apparently healthy, had been 
attacked by the fungus, but all of them were free from root-rot 
lesions and mycelium. It appears, therefore, that the disease which 
was once very prevalent in these two plots had been practically 

t.An 

TRENCHING EXPERIMENTS 

In the effort to determine the method by which the organism 
moves through the soil in its circular advance from a center of infec- 
tion, a trench about 20 inches deep was dug about 18 inches in ad- 
vance of the circumference on one side of a rapidly spreading root-rot 
spot in an alfalfa field on August 22, 1927. About three weeks after 
the trench was dug several spore mats appeared on the outside 
tertical wall near the bottom of the trench. (Fig. 7.) A few days 
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Figure 7.~Conidial mats of Phymatotrichum omnivorum , showing as a line of irregular white spots 
along the bottom of the outside wall of a trench surrounding a root*rot circle in an alfalfa field. 
This trench, whiclj was dug 20 inches deep and 18 inches in advance of the dying plants, was only 
partially effective as a barrier, since the mycelium apparently passed under It in two places 
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later, following a rainy period, the bottom and sides of the trench 
for several feet became lined with conidial mats. Peltier, Kang, 
and Samson (6) showed that the mycelium was seldom found on 
the roots of healthy alfalfa plants more than 12 inches in advance 
of the ring of recently wilted alfalfa plants. Since the outside wall 
of the trench was more than 2 feet beyond the ring of wilted plants, 
it seems probable that the organism was able to pass under the 
trench. From near-by excavations it was observed that the mycelium 
often covered the roots at a depth of 30 inches underground. 4 Thus 
it seems probable that some of the mycelium below the 20-inch level 
may have extended through the soil under the trench and carried 
the infection to the outside of the barrier. At the end of the season 
two small spots of infection were found on the outside of the trench, 
but at the ends of the trench the disease had advanced much farther; 
hence it was evident that the trench had delayed its progress. 

DORMANT CENTERS OF INFECTION 

So far there has been no evidence to indicate that root-rot infec- 
tion could be started in new areas by the dissemination of spores, 
although spores are produced in great abundance in some places. 
There has been evidence, however, that infected spots may disappear 
for a period and then reappear in the same location in later years. 
This occurrence was illustrated on plots C3-5, C3-6, and C3-7. In 
1920 and 1921 the infected areas on these plots which were planted 
to cotton were charted. (Figs. 8 and 9.) In 1921 several scattered 
spots on the north end of these plots which were mapped in 1920 
did not reappear. During the period 1922 to 1925 the plots were 
planted to nonsusceptible crops — grain, corn, and sorghums. Two 
crops were grown each year, which required breaking the land twice 
a year, in addition to several cultivations that the corn and grain 
sorghums received. In 1926 the area was again planted to cotton, 
and the root-rot injuries were charted at the end of the season. 
(Fig. 10.) Since this infection was not extensive, it was decided to 
replant to cotton in 1927. The disease was much more destructive 
in 1927, and in addition to the areas being more extensive than in 
1926, small spots appeared where no injuries had appeared in the 
previous season. (Fig. 11.) This was shown on the north end of 

E lots 5, 6, and 7, where no infection was present in 1921 or 1926, 
ut several spots occurred in 1927. By referring to Figure 8 it will 
be seen that the area occupied by these spots was infected in 1920. 
A somewhat similar behavior occurred on plots C3-10 and C3-11, 
which were also cropped to cereals and sorghums during the years 
1922-1925. Several isolated spots appeared at the north end of 
these plots in 1927 which were not apparent in the cotton planted 
in 1926, but which were in close proximity to the location of spots 
that had been mapped in 1921. 

Excavations were made in one of these spots in December, 1927, 
to determine whether any living root fragments remained in the soil 
from previous crops. At a depth of 18 inches pieces of live roots 
from the 1926 plants were found, but for the most part the roots of 
previous crops were badly disintegrated. Some old strands of myce- 

4 In 1928 rotted roots of piatache and almond trees, covered with root-rot strands, were found in trenches 
at'Jt depth of 5 feet 8 inches. 
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lium were found on the old decayed roots and also on the partly 
decayed roots of the 1927 plants, but they appeared to be dead, and 
no active mycelium could be found at this time. 

INFECTION DEEP-SEATED IN SOME AREAS 

The possibility of the fungus being able to exist for long periods at 
considerable depth was suggested by the reappearance of spots in 
which the disease had been dormant for some years. That the 
particular zone of soil in which the disease is most active might vary 
with the character of the soil and climate was suggested by W. T. 
Swingle and O. F. Cook. Both predicted that the active zone of the 
disease recently discovered in a new district in California would 
likely prove to be deep-seated, on account of the sandy character 
of the soil and its properties of absorbing heat to considerable depth. 



Figure 11. — Recurrence of root-rot infection (heavy lines) on quarter-acre plots C 3-5 to C3-11 in 
1927, the second year in cotton after four years in nonsusceptible crops. Note especially the 
♦©appearance of diseased spots in sections of the plots 03-5 to C3-7 where no plants were killed 
in 1926 

Investigations made in December, 1927, in a cotton field in this area 
where only three cotton plants died during the season proved that this 
was the case. All of tho cotton plants for 10 feet or more surrounding 
the dead plants were found to be infected, although they showed no 
evidence of injury aboveground. In almost every case that portion 
of the taproot extending below the collar for 5 to 10 inches remained 
uninjured (fig. 12, A), although in some cases mycelium was found on 
the healthy tissues. Below this the roots showed injuries in varying 
degrees, but on most plants a section of the taproot 5 to 15 inches in 
length was completely rotted. Some of these plants with a part of 
their taproots destroyed had sent out bunches of fibrous roots above 
the injured area. (Fig. 12, B.) 

The activity of the disease at such depths offers a further com- 
plication in accurately mapping the extent of the infected areas. It 
is obvious that under such conditions the extent of the disease is not 
indicated by the position of the plants that are killed. 
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CONIDIAL MATS IN ABSENCE OF DEAD PLANTS 

Thornber ( 9) y King (3), and others have reported that spore mats 
are most commonly found in close proximity to plants that have 
recently died from the root-rot disease. In 1919 one of the writers 
observed a large spore mat on an irrigation-ditch bank beneath a 
large cottonwood tree. The tree appeared to be healthy, and the 
only other vegetation near by was Bermuda grass, which was also 
healthy in its appearance. The nearest plants that indicated the 
presence of the root-rot organism were some dead cotton plants 
about 40 feet away. 

In 1927 a field of young alfalfa near Sacaton showed many spots 
of root-rot infection. The soil was extremely fertile and contained 
a large quantity of organic matter from decaying roots of native 
plants and buried cotton stalks of a previous crop. Throughout the 
summer of 1927 spore mats could be found at almost any time in this 
field, but they were especially abundant after rainy or humid periods. 
(Fig. 13.) In a great number of cases large spore mats could be found 
surrounded by healthy plants and at considerable distance from any 
dead plants. Since this behavior was unusual, the locations were 
noted, and later observations showed, that the alfalfa plants soon 
began to die in these areas. Upon digging beneath the spore mats 
in such locations, large fragments of buried and partly decayed 
cotton stems or roots were frequently found, and these were invari- 
ably densely covered and pervaded with Phymatotrichum strands. 
(Fig. 14, B.) 

GROWTH AND DEVELOPMENT OF CONIDIAL MATS 

From the behavior of the root-rot fungus when opportunity is 
afforded for fruiting, it is obvious that the distribution of the mycelium 
throughout the upper layers of soil is extensive and capable of rapid 
growth when conditions are favorable. Within a few hours after a 
summer rain in the vicinity of Sacaton, Ariz., the mycelium in many 
of the recently infected areas in alfalfa fields rapidly pervades all 
portions of the soil near the surface and begins to develop an arachnoid 
structure of whitish mycelium on the surface of the soil about the 
plants that have recently died. (Fig. 13, A.) This type of mycelium 
grows rapidly outward from the center where it begins, if conditions 
remain favorable, and it sometimes covers an area of a square foot or 
more within 48 hours. The formation of a compact mass of mycelium 
and conidiophores in a definite palisade structure from 3 to 10 milli- 
meters in thickness rapidly follows the advance of the arachnoid type 
and develops on top of the thin stromalike structures which form on the 
surface of the soil. It is not infrequent that several ounces of fungous 
material is developed on a square foot of soil surface within 8 or 10 
hours. 

The progressive growth of a small mat is shown in Figure 13. Under 
some conditions the growth is much more rapid and covers a larger 
surface than is shown in this instance. 

The occurrence of conidial mats in great abundance in areas where 
a large quantity of organic matter is present in the soil and the rapid 
rate at which they grow in such places suggest that the organism may 
derive at least a part of its nourishment from the dead organic 
material in the soil. 

62856 — 29 * 
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The resistant character of the mycelium which takes part in the 
development of the spore mats was shown by observations made in 
the summer of 1927. The bottom and sides of portions of a narrow 
trench dug for drainage purposes around a large haystack near 
Sacaton was found to be almost completely lined with large mats on 
August 16. A period of dry weather followed, and conditions were 



not again favorable for fruiting until about September 14. At that 
time the trench was again examined for spore mats, and it was found 
that many of the old mats, about 29 days old, although badly weath- 
ered and disintegrated near the center, nad begun new growth on the 
outer margins, and a whitish elevated band of new material had been 
formed. A similar occurrence of this revived growth was observed 
in mats that developed about 18 inches underground in a runway 
madfc by rodents. This behavior seems to indicate that in protected 
locations the fruiting mycelium is capable of existing in a somewhat 
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Figure 13.~Progressive stages in the development of a conidial mat on the periphery of a circle 
of dying plants in an alfalfa field. A, Photographed at 3 p. m., Sept. 14. Tiny mat 1 day old 
showing surrounding expanse of filamentous mycelium composed of a large-celled hyphae. B, 
Photographed at 8 a. m., Sept. 15. Note the growth that occurred during the 17-hour interval. 
C, Photographed at 8 a. in,, Sept. 16. Note how the* mat has changed color and become 
depressed in the center. The growth had practically ceased at this time. (Natural size) 
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dormant condition over long periods and is able to begin new growth 
when a favorable opportunity is afforded. 

The development of spore mats in holes and trenches from 1 to 2 
feet below the surface of the soil 6 also shows that the distribution of 
the organism in the soil is extensive and that the fungus is able to 
take advantage of any favorable situation in which to develop its 
fruiting bodies. 

ARTIFICIAL CULTURES 

The root-rot fungus is readily isolated and can be grown on various 
kinds of culture media. Taubenhaus and Killough (#) and Peltier, 
King, and Samson ( 6 ) have described methods by which isolations 
can be made. The essential feature of the methods consists in dis- 
secting bits of tissues from just beneath the epidermis on the edge of 
young lesions on the roots of plants that have been recently attacked. 
These bits of infected tissue are dipped in a solution of mercuric 
chloride, 1 to 1,000, for a few seconds, and the excess solution is 
removed by rinsing them with sterile water or by absorbing the solu- 
tion between sterile filter papers. The bits of tissue are then dropped 
on sterile plugs of cotton roots or other nutrient material in test 
tubes. 

In preparing pure cultures for use in inoculation experiments, 
quart fruit jars were filled with sand or soil and 2-inch sections of 
cotton roots in alternate layers. After the contents were well mois- 
tened with distilled water and the modified caps stoppered with cot- 
ton, they were sterilized, and transfers from pure cultures in tubes 
were added. In a few weeks the contents of many of these jars 
become permeated with mycelium. In a large proportion of these 
jars numerous pseudosclerotia were formed, some of which were more 
than 1 centimeter in diameter. Many small cavities in the sand or 
soil became completely filled with these pseudosclerotia, whose con- 
nection with the large strands was easily determined by examining 
those on the glass surfaces. In some cases the pseudosclerotia were 
definitely aerial and were formed on the strands that had grown along 
the glass above the soil and cotton roots. 

It was observed that when the contents of the jars were saturated 
with moisture no growth of mycelium occurred except on the* sections 
of roots that projected out of the soil. Also when the moisture in 
the jars became so reduced that no condensation occurred on the glass 
near the top, it was noted that the growth of the mycelium was Re- 
stricted. This behavior agrees with field observations in that the 
moisture content of the soil under natural conditions has an important 
influence on the growth of the fungus. 

When parts of dead cotton roots that had been turned under the 
soil and had remained buried for two years were dug up, sterilized, and 
used in the jar cultures, the growth of the mycelium was rapid and 

J irofuse, and pseudosclerotia were produced as in the cultures with 
resh roots. (Fig. 14, A.) Among the kinds of nutrients on which 
the fungus was grown successfully were fresh roots of cotton, alfalfa, 
cowpeas, peach, Lycium, pecan, and dead roots of cotton and alfalfa 
(fig. 15) 1 and 2 years old. Cultures of the fungus from dead cotton 
and Lycium roots are shown in Figure 15. Also it was grown sue- 

• Spore mats were observed in August, 1928, in trenches at a defrth 0 f 5 feet from the surface of the soil. 
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cessfully on agar media containing decoctions of alfalfa, cotton, beans, 
prunes, and corn meal, and on cottonseed and wheat kernels. Pseudo- 
sclerotia were formed in a majority of the cultures with all of these 
media. The behavior of the fungus when limited to a nutrient of 
dead roots indicates that it may be able to exist for long periods under 



natural conditions as a saprophyte. (Fig. 16.) This is in accord 
with findings of George T. Ratliff e (7) at the San Antonio Field Station 
in Texas, who found the organism existing on fragments of mesquite 
roots that had remained under the soil for many years. Not infre- 
quently, alfalfa roots, killed by plowing are found long afterward sup- 
porting live mycelium. (Fig. 16.) 




Figure 16.— Coarse strands of root-rot mycelium on an old dead alfalfa root. X 6 
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INOCULATION EXPERIMENTS 

The Successful inoculation of healthy cotton plants with Phyma- 
totrichum omnivorurn has been reported by King (f ), by Taubenhaus 
and Killough (8), and by Peltier, King, and Samson (6*). 

Further experiments in producing infection were conducted during 
the latter part of the season of 1927 at Sacaton. The methods em- 
ployed were essentially the same as those described by King (1), in 
which the taproots of normal plants in uninfected locations were ex- 
posed in narrow trenches and the inoculum placed in contact with the 
healthy roots. The experiments in 1927 demonstrated that inocula- 
tions can be made without great difficulty when certain conditions are 
favorable. 

In trench No. 1 the roots of 14 Pima cotton plants of average size 
were exposed, and sections of roots from recently infected plants were 
placed in contact with them on September 12. The inoculum was held 
in place with moist cotton lint, and the trench was refilled with soil. 
On September 27 one of the inoculated plants wilted suddenly, and two 
days later two others showed the characteristic symptoms of root-rot 
attack. (Fig. 17, A.) However, the field was irrigated about this time, 
and one of the wilted plants recovered and showed no further distress 
during the season. The second plant that died was dug up, and from 
it the root-rot fungus was isolated and grown in cultures. None of the 
other 11 plants exhibited any effects from the treatment, but when 
they were dug up and the roots examined on December 18 it was found 
that all of them had been attacked to some extent by the fungus. 
On several of them a part of the taproot had been completely destroyed, 
but the plants had been supported by large laterals which were above 
the infected zone. 

In trench No. 2 the roots of 12 very large plants, more than 6 feet 
in height, were exposed on September 13. Six plants on one side of the 
trench were inoculated with sections of roots recently attacked by 
the disease under field conditions, and the six plants on the other side 
were inoculated with 2-inch sections of cotton roots from pure cul- 
tures grown in fruit jars. The sections of infected roots were placed 
in contact with the taproots of the healthy plants about 4 inches 
below the surface of the ground. On the twenty-first day after treat- 
ment one of the plants inoculated with this pure-culture material wilted 
slightly and remained in a semiwilted condition for several days. Irri- 
gation water was applied at this time, and the plant recovered and 
remained healthy until the end of the season. On December 18 the 
plants were exhumed and their roots examined. It was found that 
the taproots of all of them were attacked at a distance of 4 or 5 inches 
below the crown, and in some cases the roots were rotted to a depth of 
12 to 14 inches in the soil. The large laterals served to sustain the 
plants, as only a few of these were injured. When examined in December 
the healthy surface area of the taproots above and below the rotted 
area and the surface of many of the laterals were covered by live 
strands of the root-rot fungus. In some cases the strands had extended 
5 or 6 inches beyond the zone of the nearest lesion. This behavior of 
the mycelium seems to be characteristic during the cool-weather pe- 
riods m the fall and spring, when the disease is not very active. If 
these inoculations had been made during the early part of the summer, 
when the fungus is ordinarily more active, it is believed that a greater 
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was active and fruiting. These efforts in 1927 were unsuccessful 
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number of the injured plants would have died. 6 Even during the sum- 
mer months, however, roots are sometimes found on which the myce- 
lium is abundant before any lesions or depressions in the root surface 
appear. 

It is apparent from these experiments that infection can be pro- 
duced in soil areas where the disease has never been in evidence, but 
the time of the season, the size of the plants and their root systems, 
and the moisture conditions seem to have an important relation to 
the progress of the new infection. 

Other attempts were made to transmit the disease to healthy cotton 
plants grown in tanks and drums by inserting cylindrical cores of soil 
from the active margin of dying spots of alfalfa into the soil adjacent 
to the plants in the tanks and drums. For the large tanks, cores of 
soil 12 inches in diameter by 12 inches long with fresh undisturbed 
spore mats on the upper surface were removed from an infected alfalfa 
area by the use of date-tree transplanters and inserted in the soil in 
the tanks between two cotton plants. Smaller cores about 6 inches in 
diameter by 8 inches long with spore mats on the top surface were 
used as inoculum for the plants grown in drums. None of the cotton 
plants died as a result of this treatment, but when the cores of soil 
were dissected in December live mycelium was still in evidence on 
partially decayed pieces of alfalfa root. There was no evidence, 
however, of the mycelium having extended into the soil surrounding 
the cores, and the greater part of the mycelium was dead and brittle. 

SUMMARY 

Further studies on the cotton root-rot disease at the United States 
Field Station, Sacaton, Ariz., have shown that the extension of infec- 
tion into new areas can be effectively controlled by treating the soil 
with solutions of formaldehyde and cresylic acid. 

Experiments in which organic manures were applied in furrows to 
alternate 34-acre plots continuously cropped to cotton for several years 
show that this treatment is effective in reducing the extent of infection, 
in delaying the appearance of the disease, and in retarding its injuries 
to the plants. 

The manured plots served as effective barriers in restricting or 
retarding the advance of the mycelium from adjacent untreated 
areas. 

Plot C2-17, in which 65.6 per cent of the total area was infected 
in 1922, was entirely free from the disease in 1927 after five years of 
manuring, and plot C2-19, in which 71.7 per cent of the area was 
infected in 1920, showed only 0.03 per cent infection in 1927 after 
seven years of manurial treatment. 

The breaking down or dissipation of infected areas where practically 
all of the cotton plants have died for several years without the in- 
fluence of any cultural treatment is clearly shown by maps which de- 
fine the location of the infection over a number of years. 

It was indicated that under Arizona conditions the fungus was 
capable of passing under an open trench 20 inches deep which was 
dug in advance of a ring of dying alfalfa plants. 


• Of 55 cotton plants inoculated July 20, 1928, with one or two 
in the soil in contact with the taproot, 15 died within 10 to 25 das 
plants. Six plants grown in tanks and drums and inoculated li 
cultures grown in quart fruit jars died within 5 to 19 days, and the 


4-inch sections of diseased roots inserted 
s and transmitted the disease to adjacent 
q late July and early August with pure 
disease spread and killed adjacent plants. 
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The occurrence of conidial mats in areas where no dead plants 
were evident was verified, and there appeared to be a relationship 
between these mats and buried fragments of decaying roots beneath 
them. 

A study of maps which define the location of the disease on the 
same plots over a number of years shows that spots of disease may 
disappear and recur after a number of years as isolated centers of 
infection and progress as before. 

Further attempts at inoculating healthy cotton plants in fields 
where no root rot had previously appeared were successful in pro- 
ducing infection on the roots, though only a few of the plants were 
killed by the disease. This was probably due to the lateness of the 
season at the time inoculations were made and to the influence of 
irrigation water on the small mass of mycelium present. 

Efforts to transfer the infection to cotton plants growing in large 
tanks and drums by transferring cylindrical cores of infected soil on 
which the fungus was fruiting were unsuccessful. 

It was found that the root-rot organism is readily isolated and can 
be cultured successfully on various kinds of roots and other media. 
Its ability to grow on dead roots indicates that it may exist in nature 
as a saprophyte and may be able to live in the soil in the absence of 
live root tissues. 
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GRAIN LOSSES IN FEEDING CORN SILAGE TO DAIRY 

COWS 1 

By R. B. Becker, formerly Associate Professor of Dairying , and Willis D. 

Galluf, Assistant Chemist , Oklahoma Agricultural Experiment Station 2 

INTRODUCTION 

Dairy cows are able to digest only a portion of the grain in cane and 
kafir silage and a considerable amount passes into the manure as 
whole kernels. The practical significance of this loss, which may be 
attributed to the toughness and small size of the kernels, has been 
emphasized in a previous publication (2) 3 . Indications of similar 
losses were observed with dairy cows that received corn silage. This 
observation led the authors to investigate the grain losses that actually 
occur when corn silage is fed to dairy cows. 

REVIEW OF LITERATURE 

Utilization of whole corn in silage has been investigated briefly by 
LaM aster and Morrow (10), who made their determinations upon 
small samples of silage and samples of manure collected from two 
cows during a 5-day period. The amount of whole corn in the manure, 
as observed, constituted 1 .86 per cent of the grain in the silage. This 
represents a loss which is relatively small when compared with similar 
losses (12) of shelled corn which amount to 22.75 per cent with mature 
dairy cows, 10.77 per cent with yearling heifers, and 6.28 per cent 
with calves. Wilbur (5, p. S3) found the losses of shelled corn when 
fed to dairy cows to be between 30 and 35 per cent, while losses of 
cracked corn were only between 5 and 10 per cent. 

Losses which represent 33.91 and 49.46 per cent of the grain in 
cane and kafir silages, respectively, were observed ( 2 ) in the manure 
of dairy cows. These losses (5) amounted to 9.41 per cent of the 
calculated total digestible nutrients in kafir silage and 7.13 per cent 
of those in cane silage. Utilization of the whole grain in kafir silage 
was from 9 to 13 per cent greater than that of threshed, soaked, and 
head kafir grain fed to 2-year-old steers (9). LaMaster and Morrow 
(10) reported 27.55 per cent of the whole grain in cane silage voided 
in the manure of dairy cows. Cave and Fitch (4) obtained results 
based on counted kernels in small samples of material, which indi- 
cated a loss as great as 90 per cent of the grain in cane silage. 

Corn undergoes a loss in the crib as well as in the silo. Corn 
stored from January 5 to June 1 (147 days) lost 5.6 per cent in weight 
(6). Gaines (7), from an analysis of grain at the time of harvest, 
found that corn in the crib lost 2.25 per cent, while kernels in corn 
silage lost 5.08 per cent of the dry matter. Part of the crude protein 

1 Received for publication Apr. 2, 1929; issued August, 1929, 

* Acknowledgement is made to the late Prof. A. C. Baer, and to P. C. McGilliard of the dairy department, 
who instigated the experimental work comparing corn silage with mangels in dairy rations. Data presented 
here were derived from cows on this investigation. Kenneth Corbett cared for the cows used in this feeding 
trial. 

* Reference is made by number (italic) to “Literature cited," p. 227. 
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and ash of corn kernels (11) was taken up by the plant juices in the 
silo, thereby increasing the protein content of the leafy portion of 
the silage. ‘ Bailey (1) showed the shrinkage in shelled corn to be 
due to loss of moisture and carbon dioxide in the respiration of the 
dormant seed. 

There is need of data from more animals over a longer feeding 
period, which takes separate account of the whole and cut kernels, 
on which to base a calculation of the losses of corn grain in the silo, 
and later in the digestive system of the dairy cow. 

EXPERIMENTAL METHODS 

Four cows on a 20-day feeding trial (10 days preliminary and 10 
days experimental) were given a daily ration consisting of 30 pounds 
of corn silage and 10 pounds of alfalfa hay per 1,000 pounds live 
weight, and, in addition, mixed grain consisting of wheat bran, 
ground oats, corn meal, and choice cottonseed meal to meet the Mor- 
rison (8, p. 74i>) feeding standard. Reid Yellow Dent corn cut in 
the glazed stage of maturity and ensiled in a hollow-tile silo furnished 
the only source of whole-kernel corn. Samples of the ear corn pro- 
cured at time of filling the silo were cured on the cob, shelled, and 
analyzed with the samples mentioned below. 

The usual precautions (2) were observed in caring for the animals 
and recording the amounts of feed eaten and refused. A 10-pound 
sample of silage was taken from the silo each day during the experi- 
mental period. Corn kernels were separated from the silage by hand, 
weighed, and sampled. The entire amount of corn in any refused 
feed and in the manure of each cow was separated out daily by use 
of water and screens. This grain was air dried, weighed, and sampled 

Chemical analyses were made of the shelled corn, corn silage, and 
grain from the silage and from the manure. The proportion of 
whole and cut kernels was determined by separating and weighing 
these fractions from large composite samples of the grain obtained 
from the silage and from the manure. 

PRESENTATION OF DATA 

During the 10-day experimental period the four cows consumed 
1,335 pounds of corn silage and refused 25 pounds. The ten 10-pound 
samples of fresh silage contained 24.95 pounds of corn grain. Allow- 
ing for 0.78 pound of air-dry grain in the refused silage, the four cows 
consumed 170.77 pounds of dry matter as grain in the corn silage. 
By the method described 15.89 pounds of air-dry corn grain (14.48 
pounds of dry matter) were recovered from the manure. This loss 
constituted 8.47 per cent of the grain contained in the silage. 

Whole kernels made up 67.87 per cent by weight of the corn grain 
in the silage. Likewise, 40 per cent of the grain voided in the manure 
was whole kernels. By applying these percentages, it was calculated 
that 4.36 per cent by weight of the whole kernels in silage was voided 
as whole kernels in the manure. It was noticed repeatedly that the 
starchy portion of numerous cut and broken kernels had been digested, 
leaving large fragments of corn bran in the manure. 

Records of silage consumed and of grain recovered from thelma- 
tm re#£ individual cows are presented in Table 1. 
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Table 1. — Amount of grain in corn silage fed to dairy cows during 10 days and of 
air -dry corn recovered jrom the manure 


Cow No. 

1 _ _ _ 

Silage 

offered 

Silage i 
refused 

Moist 
corn in 
silage 

Air-dry 
corn in 
refused 
feed i 

Air-dry 
corn re- 
covered 
from ma- 
nure 1 

I Pounds 
300 
360 
360 
340 

1 

Pounds 

21 

0 

0 

4 

Pounds 
74. 85 
89. 82 
89. 82 
84.83 

Pounds 

0. 28 

0 

0 | 
.50 

Pounds 

2.42 

6. 42 
4.04 
3.01 

2 . 

3 

4 


1 Since water was used in separating grain from manure and refused feed, it became necessary to report 
these data on the air-dry basis. 


Chemical analyses of the original shelled corn, fresh silage, grain 
from the silage, and air-dry grain recovered from the manure are 
presented in Table 2. 


Table 2. — Composition oj original corn kernels , corn silage , and grain jrom silage 
fed and of grain recovered from the manure of dairy cows during a 10-day period 


Description of sample 

Moisture 

in 

original 

material 

Shelled corn cured on the cob 

Whole kernels from silage . _ 

Whole kernels from manure, air-dry 

Total corn from silage ... 

Per cent 
9. 10 
49. 46 
8.74 
49. 46 

Total corn from manure, air-dry 

8. 90 

Corn silage 

69. 26 



Composition of dry matter 


Crude 

Ether 

Nitrogen- 

free 

extract 

Crude 

Ash 

protein 

extract 

liber 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

9.62 

4. 27 

\ 82.30 

2.53 

1. 28 

7. 14 

4.93 

j 84.65 ! 

2.38 

.90 

6.62 

4. 36 

85.59 

2.63 

.80 

6. 95 

4. 67 

i 84. 72 

2. 53 

1. 13 

6. 26 

2. 87 

i 87. 30 

3. 13 

.44 

8.31 

3. 45 

66.51 

17. 47 

4.26 


The changes in composition of the corn grain while in the silo and 
in contact with the digestive juices of the cow may be obtained from 
these analyses. 

DISCUSSION OF RESULTS 

The data presented show that 8.47 per cent by weight of the corn 
grain fed in silage to dairy cows was voided with the manure. Only 
4.36 per cent of the whole kernels in the silage was recovered as whole 
kernels from the manure. The loss of corn grain in silage was smaller 
than that with shelled corn (5, 12). These losses were appreciably 
less than those observed (2) with the small, hard grains in Early 
Sunrise kafir and Kansas Orange cane silages. The losses of whole 
corn, as found by this method, are higher than those observed by 
LaM aster and Morrow (10). There is evidence to show that the 
corn grain recovered from the manure of these cows is of sufficient 
value to be salvaged profitably by swine or poultry. 

The changes which occurred in the corn grain in the silo and in the 
cow's digestive system are evident from the analyses presented in 
Table 2. The apparent increase in the ether-extract content of 
ensiled kernels is due to the formation of ether-soluble compounds 
during the fermentation process in the silo. The apparent losses, 
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as seen in Table 3, were 25.78 per cent of the crude protein, 29.69 per 
cent of the ash, and 5.94 per cent of the crude fiber in the original 
whole kernels. Apparent gains were found of 2.85 per cent and 
15.45 per cent of the nitrogen-free extract and ether extract, respec- 
tively, in the whole kernels separated from the silage. These changes 
were produced by bacterial and enzymatic action on constituents of 
the corn kernels, changing them into carbon dioxide and other by- 
products, some of which were ether-soluble while others appeared as 
nitrogen-free extract. The loss in ash may be attributed to its solu- 
bility in the plant juices, as observed by Perkins (11). 

Table 3. — Composition of corn grain jrom silage and from manure compared with 
that oj shelled corn cured on the cob 


Description of sample 

Crude 

protein 

Ether 

extract 

Nitrogen- 

free 

extract 

Crude 

fiber 

Ash 

Shelled corn cured on the cob 

Per cent 
100.00 

Per cent 
100.00 

Per cent 
100.00 

Per cent 
100.00 

Per cent 
100.00 

Whole kernels from silage.. .. . 

74. 22 

115.45 

102. 85 

94.06 

70. 31 

Whole kernels from manure . . 

68.81 

102. 11 

104. 00 

103. 95 

62. 50 

Total corn grain from silage. 

72. 35 

109. 37 

102. 94 

100.00 

88.28 

Total corn grain from manure 

65.07 

67.21 

! 

104.86 

1 

123. 71 

34.38 





The corn kernels recovered from the manure had given up a small 
proportion of their crude protein, ether extract, and ash, and conse- 
quently showed a slight apparent gain in content of crude fiber and 
nitrogen-free extract after coming in contact with the cow’s digestive 
juices. The percentage changes of these constituents in the corn 
grain are presented in Table 3. 

By applying coefficients of digestibility (8, p. 722-726) to the 
nutrients in corn silage and in the grain voided with the manure it 
was calculated that 5.22 per cent of the digestible crude protein and 
5.26 per cent of the total digestible nutrients in the silage were con- 
tained in the grain recovered from the manure. 

SUMMARY AND CONCLUSIONS 

Corn kernels lost protein, crude fiber, and ash in the silo, but gained 
in percentages of nitrogen-free extract and ether extract. 

When dairy cows were fed silage made from dent corn in the glazed 
stage of maturity 8.47 per cent by weight of the grain in the silage 
was voided in the manure. Only 4.36 per cent by weight of the 
whole kernels in the silage was recovered as whole kernels from the 
manure. Analyses showed slight losses of protein, ether extract, and 
ash from the corn grain in silage which passed through the cow’s 
digestive tract. Dairy cows utilize the whole and cut kernels in 
silage more efficiently than they utilize shelled corn. 

The corn grain voided in the manure was calculated to contain 
5.22 per cent of the digestible crude protein and 5.26 per cent of the 
total digestible nutrients in the corn silage. 

The loss of whole corn in silage fed to dairy cows is decidedly less 
than that which occurs when cattle consume shelled corn. Even 
this small loss may be salvaged by allowing swine or poultry access 
to the manure, 
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INFLUENCE OF ATMOSPHERIC AND SOIL MOISTURE 
UPON SEED SETTING IN RED CLOVER 1 

By E. A. Hollowell 

Assistant Agronomist , Office of Forage Crops and Diseases. Bureau of Plant 
Industry , United States Department of Agriculture 

INTRODUCTION 

Red clover ( Trifolium i pratense) is mainly self-sterile, and cross- 
pollination and fertilization are dependent upon insect visits. The 
present study was made to determine whether high atmospheric 
humidity prevents fertilization and whether a deficiency or excess of 
soil moisture adversely affects the setting of seed. The difficulty of 
controlling soil moisture, the self-sterility of red clover, the hetero- 
geneity of its genetic constitution, the method of flowering, and the 
arrangement and number of florets on a head all added to the com- 
plexities of the problem involved in this^study. 

REVIEW OF LITERATURE 

The fertilization of red-clover florets is dependent, among other 
things, on the healthy germination of the pollen, and it has been 
thought that the stigmatie surface supplies the moisture necessary 
for this process. A consideration of the germination of pollen under 
different conditions is of primary importance in this study. Lid- 
forss (< 3 , 4) 2 has contributed to the knowledge of the germination 
of pollen of various species. 

Hansgirg (1), Martin (5), and Westgate and Coe (9) concluded 
from their experiments that red-clover pollen bursts immediately 
when immersed in water. The results shown by Williams (10) 
differ from those of the above-named investigators in that the burst- 
ing was not immediate, some grains resisting the action of the water 
for more than an hour. 

Westgate and Coe (9) concluded that pollination did not take 
place when the flowers were wet. Williams (10) secured fertiliza- 
tion, however, after immersing the pollen grains in water for five 
minutes and then applying them to the stigmatie surfaces before 
they had dried, but when they were allowed to dry for an hour no 
fertilization occurred. 

Martin (5) showed that artificial pollen germination is delicately 
adjusted to the absorption of water. He found that high atmos- 
pheric humidity and a germinating medium containing an optimum 
degree of moisture were essential for germination and concluded 
that the function of the stigma is to supply water. Martin further 
suggested that the quantity of water available to the plant may 

1 Received for publication Jan. 28, 1929; issued August, 1929. Contribution from the Department of 
Agronomy, Illinois Agricultural Experiment Station, and the Office of Forage Crops and Diseases, Bureau 
of Plant Industry, U. S. Department of Agriculture. This paper was submitted to the faculty of the 
University of Illinois in partial fulfillment of the requirements for the degree of doctor of philosophy. 

8 Reference is made by number (italic) to “Literature cited,” p. 247. 
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increase the moisture content of the stigmatic surface, thereby prevent- 
ing the pollen from functioning properly. The supply of atmospheric 
moisture would be important if a balance between the water absorbed 
and that lost by transpiration were necessary for germination. 

Westgate and Coe (9) stated that infertile ovules occurred in red 
clover and that moist soil and atmosphere appeared to be directly 
correlated with the degree of infertility. These investigators also 
stated that in first growth many red-clover plants produced 100 per 
cent infertile ovules. Williams ( 10 ) concluded that rainfall and 
temperature were responsible for a decrease in seed setting in some 
of his self-pollination studies, but he did not state whether the 
effect was direct or indirect. Martin ( 5 ) also pointed out that the 
poor seed crop sometimes harvested from the first growth may be 
related to the abundance of moisture usually present when the first 
crop is in bloom. While Schlecht ( 6 ) failed to obtain a large number 
of seeds, he concluded that high atmospheric humidity did not pre- 
vent the functioning of the pollen. 

Welton and Morris ( 8 ) studied the effect of rainfall on the vegeta- 
tive growth of red clover and reported that a positive correlation 
exists between rainfall and vegetative growth. 

GREENHOUSE AND LABORATORY STUDIES 

POLLEN GERMINATION 

Martin ( 5 ) succeeded in germinating red-clover pollen and found 
that the necessary requirements were a nearly saturated atmosphere 
and a medium or base containing a specific quantity of water. Various 
solutions proved to be unsuited for such experiments. His results 
lack uniformity, which he attributed to the variable physical proper- 
ties of the base. 

An attempt was made by the writer to perfect a technique for testing 
the germination of red-clover pollen. Pieces of sheet gelatine were 
soaked in various concentrations of sucrose solution and pollen was 
placed on them. The results, however, were not consistent. In 
some cases satisfactory germination was recorded; in others negative 
results were obtained. 

EFFECT OF WATER AND SUCROSE SOLUTIONS ON POLLEN 

The results obtained by immersing pollen grains in water and su- 
crose solutions agree with those of Williams ( 10 ) that many grains 
burst immediately after immersion. Bursting occurred in two ways, 
by a rapid emergence of the protoplasmic contents through small 
openings in the cell walls and by a uniform collapsing of the cell. 
Some of the pollen grains collapsed after they had been in the liquid 
for a few minutes while others were not affected at the end of 10 
minutes. Bursting was retarded to a greater extent on gelatine 
which had been soaked in a 30 per cent solution of sucrose than in a 
solution of lower concentration. 

EFFECT OF CONTROLLED ATMOSPHERIC AND SOIL MOISTURE ON THE SETTING OF 

‘ RED-CLOVER SEED 

In the greenhouse, flowering red-clover plants afford an oppor- 
tamity to investigate the viability of the pollen and the receptivity 
of the stigmatic surface by cross-pollinations. Such a stuoy was 
carried on under conditions where the atmospheric humidity was 
controlled and its. effect on seed production observed. 
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In this work, red-clover plants from spring and fall seedings were 
dug, potted in the field, and transferred to the greenhouse in October, 
1926. By the use of artificial illumination, many plants were brought 
into bloom by the middle of December. Williams ( 10 ) has shown 
that the optimum time for pollination in the field is when the florets 
are first opened, but under the conditions prevailing in the green - 



Figure I .—Apparatus used in maintaining high atmospheric humidity for the determination of 
its effect on seed setting of red-clover plants. Urbana, 111., 1929 


house, the writer found it necessary to wait until the heads were more 
than one-third in bloom before the flowers were manipulated, as the 
anthers did not freely dehisce in the early blooming stage. 

In order to study the effect of high atmospheric humidity, an appa- 
ratus was constructed, consisting of a wooden stand, a wet and dry 
bulb thermometer, a bell jar, and a tin pan having a depth of 3 and a 
diameter of 13unches. (Fig. 1.) Four holes, each l}i inches in diam- 
eter, were cut in the bottom of the pan, and over each hole was 
soldered a pipe 2 inches long which extended from the bottom of the 
pan upward. Water placed in this pan for humidification of the 
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atmosphere did not come in contact with any part of the plant. 
Flowering stems from different plants were carefully pushed through 
the pipes, cotton packed around them, and the whole covered with a 
bell jar. A saturated atmosphere was secured in the bell jar at the 
end of 10 minutes. The heads of the plants were usually projected 
into the bell jar 24 hours before pollination. When the effect of soil 
moisture was to be investigated, the quantity of water supplied to 
the plants was altered several days before pollination in order that a 
uniform condition might be established. 

Experiments were also conducted under greenhouse conditions 
where the air was not saturated, but whore the relative humidity 
usually did not vary more than 10 per cent. In cross-pollinating 
the florets, a small crooked needle roughened with a file proved to be 
more convenient and effective than camers-hair brushes, small sticks, 
needles of the usual types, or the card method used by Williams {10). 
In tripping the flowers, the needle was inserted between the vexillum 
and carina. The lower part of the carina was gently pressed with 
the needle which was pulled upward at the same time. This action 
tripped the flower, and the pollen was thrown out against the needle 
which brushed the pistil, thus both gathering and depositing pollen 
in one stroke. To prevent as far as possible the deposition of pollen 
from the anthers to the stigma of the same floret, the pollen from the 
florets of a given plant was permitted to fall on one side of the needle, 
and the pollen from the other plant similarly on the opposite side. 
An effort was made to brush the stigmas of the florets in each case 
with foreign pollen. The time required for the manipulation of the 
florets of two heads varied from 10 minutes to one hour, depending 
upon the ease with which the work was done and the number of 
florets pollinated. The florets were usually manipulated three times 
at each pollination. After the last pollination, the manipulated 
heads were ordinarily left in the bell jar at least four days, or until 
all the corolla tubes had withered . 

In these investigations the soil moisture was maintained about as 
follows: High moisture, where the soil was continually saturated; 
medium moisture, where a quantity of water was applied which 
seemed optimum for vigorous growth and the maintenance of a good 
physical condition of the soil; and low moisture, where the quantity 
of water available to the plant was barely sufficient to keep it from 
wilting. 

The close proximity of the florets and the fact that it was necessary 
to carry out the pollinations in as short a time as possible made it 
difficult to determine accurately the number of florets manipulated 
on each head. In all, 18 heads were cross-pollinated, and as shown 
in Table 1, the reciprocal crosses yielded roughly the same number 
of seeds. When the heads were ripe, the seeds were removed and 
counted. 

After the seed was harvested and the old growth removed, new 
growth rapidly developed. The plants began to produce flower heads 
by the latter part of March, 1927. Additional tests similar to those 
already described were conducted after a sufficient number of flower 
heads had developed. (Table 2.) In the second tests, the plants 
were not illuminated at night. To prevent the occurrence of high 
temperatures within the bell jar, it was necessary to place a shade over 
the apparatus when the sun was shining. 
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Table 1 . — - Effect of atmospheric and soil moisture on the seed setting of red clover , 
artificially cross-pollinated under controlled greenhouse conditions at Urbana, III., 
December and January , 1926-27 


Plant letters and head numbers 

Moisture 



Female parent 

Male parent 

Soil 

Atmos- 

pheric, 

average 

relative 

humidity 

Average 

tempera- 

ture 




Per cent 

°1\ 

L-l 

0-2 

High 

100 

70 

G-2 

L-l 

do.. 

100 

70 

0-4. . 

Selfed. 

.do. _ 

100 

70 

o-s 

0-0 

do 

100 

70 

0-6 .... .. 

C-5 

do 

100 

70 

0-1. 

H-l.. 

do 

55 

05 

HI . 

0-1 

do 

55 

f>5 

A-l. ... 

B-l ...... 

Medium 

100 

70 

B-l ..... .... 

A-l j 

do.. 

100 

70 

0-1 

D-l. ..... 

do ... i 

53 

65 

1)1... 

0-1 


53 

65 

E-l .... 

0-2 


53 

65 

0-2. 

E-l 

do. ...... ! 

53 

65 

F-I 

E-2 . 

do ... .! 

53 

65 

E-2 ... 

F-I 

1 do ' 

53 

65 

F-2 

1 1. 

. . do ...! 

53 

65 

1-1 

F-2 . 

do 

53 

65 

E-3. 

1-2 

. ..do ..... . 

53 

65 

1-2 ... 

E-3 

do... -. -Hi 

53 

65 

B-2 

Selfed. .1 

do 

53 

65 



a Head became wilted and browned immediately after pollination, probably the result of rough manipula- 
tion. 

b Plants accidently frosted before seed was formed. 


Table 2. — Effect of atmospheric and soil moisture on the seed setting of red clover, 
artificially cross-pollinated under controlled greenhouse conditions at Urbana, III., 
March, April, and May, 1927 


Plant letters and head numbers 

Moisture 


Female parent 

Male parent 

Soil 

Atmos- 

pheric, 

average 

relative 

humidity 

Average Tunes <, ri 
tempera- pollin- 
ture ated 





Per cent 

°F. 

Number Number 

0-1 . 

1)1. 

High . *.... 

100 

70 

3 

40 

D-l 

O-l 

do .. 

100 

70 

3 

15 

0-2 

D-2 ... 

do.. 

100 

70 

3 

78 

D-2 

0 2 

do 

100 

70 

3 

76 

B-l . . 

O-l. . 

do . . 

100 

70 

1 

2 7 

0-1.. 

B-l. 

do 

100 

70 

1 

9 

G-2 

Selfed . 

do. 

100 

70 


0 

B-5. . 

do.. 

do 

100 

70 

1 

0 

0-3 

D-3... 

do ... . ... 

55 

70 

2 

42 

D-3 

0-3 

do.. .. . 

f>5 

70 

2 

23 

E-l 

C-5 ... .... 

do. 

55 

70 

1 

y 

C-5.. 

E-l 

do 

55 

70 

1 

13 

C-4 

Selfed. . 

do 

55 

70 

2 

0 

D-4 

do 

do... 

55 

70 

2 

0 

B-2 

do... ... 

do 

55 

70 

1 

0 

G-3 

do... 

do 

55 

70 

1 

0 

B-4. . . 

L-2 

Medium 

100 

78 

2 

16 

L-2 . 

B-4_ . 

do 

100 

78 

2 

28 

J-2 

A-l 

do 

100 

78 


30 

J-3- 

A-l 

do 

100 

78 | 

I 1 

36 

A-l. 

J-2 . 

do... 

100 

78 | 

1 

62 

h-4- 

C-6 

do.... 

72 

75 ! 

2 

28 

0-6 

H-4. 

do ... . 

72 

75 1 

2 

33 

B-3 . 

H-l.... 


55 

70 

1 

26 

H-l 

B-3 

do . 

55 

70 

1 

37 

L-3 

H-3 

do 

55 

70 

1 

56 

H-3-. 

L— 3 .. 

do 

55 

70 ! 

1 

16 

H-2 

1-1 

do 

55 

65 

2 

15 

1-1. 

H-2... 

do 

55 

65 

2 

33 

1-2 

C-7. 

do..- 

55 

68 

1 

57 

C-7 

1-2 . . .... 

do . . 

55 

68 

1 

61 

1-3.. 

h-4 

Low „ 

80 

70 

1 

21 

L-4 

1-3 

do 

80 

70 

1 

21 
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In considering the number of seeds set, as given in Tables 1 and 2, 
it must be borne in mind that under field conditions an average of 
25 seeds per head is considered to assure a fair seed crop. 

In these experiments seeds in excess of this number were produced 
under conditions of high and of low atmospheric humidity and this 
even when the plants were growing in wet soil and the heads were in a 
saturated atmosphere. 

The results of these investigations show, therefore, that high and 
low soil moisture and high atmospheric moisture do not prevent the 
setting of red-clover seed. Although considerable variation exists 
in the number of seeds set, the difference in the number produced 
under the various environments can not be interpreted as resulting 
from any one specific factor. 

As has been pointed out, it was not possible to record the number 
of florets pollinated, and it is probable that foreign pollen was not 
transferred to every stigma. These facts render a strict statistical 
interpretation of the results impossible. It nevertheless remains 
true that seed was set under all conditions and in most cases as 
freely as could be expected in open-pollinated flowers in the field. 
There appears to be no material variation in the number of seeds 
set by reason of difference in atmospheric and soil moisture. Al- 
though most of the foregoing tests were conducted under extreme 
conditions of moisture, it is believed that intermediate conditions 
would give similar results. 

If the florets had been in bloom for some time before they were 
pollinated, some ovules might have disintegrated before the pollen 
tubes reached them. This may have occurred in the case of heads 
0-1 and D-l , shown in Table 2. 0-1, the female parent, produced 

nearly three times as many seeds as D-l . These heads were pollinated 
at three different times, head D-I being approximately three-fourths 
mature when first pollinated, while 0-1 was less than one-half in 
bloom. When recording the number of seeds set, it was noted that 
the seeds in 0-1 were uniformly distributed throughout the head, 
whereas those of D-l were located in the upper portion of the head, 
resulting in the setting of a decidedly smaller number of seeds. 
It seems probable that the ovules in the older flowers of D-l had dis- 
integrated before the pollen tubes reached them. 

STUDIES UNDER CONTROLLED SOIL-MOISTURE CONDITIONS 

SOIL MOISTURE AS A FACTOR IN GROWTH OF RED CLOVER 

The quantity of seed produced by a given field of red clover will 
depend upon the number of flower heads, the number of florets, the 
number of florets pollinated, and the proportion of those pollinated 
that set seed. Soil moisture may affect any or all of these factors 
except the number pollinated. Under natural conditions this will 
depend, of course, upon the number and activity of the pollinating 
nsects. The number of flower heads and the number of florets pro- 
duced may be considered as an expression of the vigor of the plant 
as influenced by the moisture content of the soil. This may or may 
not have any relation to the effect of soil moisture on the effective- 
ness of pollen when applied to the stigma. 

In the present study consideration was given to all of these charac- 
ters, viz: The number of flowering stems and their height, as express- 
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ing vigor of growth; the number of flowering heads and the number 
of florets per head, as indicative of potentialities for seed production; 
and the number of florets that produced seed after being artificially 
pollinated, as showing the effect of various soil-moisture conditions 
on the receptivity of the stigmas. 

During January, 1927, 27 galvanized-iron cans, 30 inches deep and 
12 inches in diameter, painted with acid-proof enamel, were each 
filled with 135 pounds of the surface soil of Muscatine silt loam, 
uniformly compacted. Six additional cans were similarly filled with 
dune sand. Triplicate moisture samples of each soil type were taken 
as the cans were being filled, the loam containing 30.4 per cent and 
the sand 4.4 per cent moisture. The water-holding capacity of the 



Figuke 2.— Shelter used in maintaining soil moisturo. Urbana, 111., 1927 


loam, as determined by the Hilgard method ( 2 ), was 85 per cent of 
the dry weight, and that for the sand was 33 per cent. 

In order to avoid wide variations in seed production due to the 
genetic constitution of the plants, the seed used in these experiments 
was harvested in 1926, from two vigorous red-clover plants. The 
seeds were sown during the latter part of February, 1927, and the 
cultures were placed in the greenhouse where an approximate 
temperature of 60° F. was maintained. The same quantity of 
water, which was slightly below that needed for rapid growth, was 
applied to each can. On April 1, the plants were thinned to five per 
can, and later they were gradually hardened off. During the latter 
part of May they were placed under an especially constructed shelter, 
shown in figure 2. In order more nearly to approximate natural 
conditions, the shelter was roofed with “Cel-o-Glass, ” which per- 
mitted the entrance of various wave lengths of the spectrum. In 
an effort to maintain more uniform soil temperatures, the cans were 
placed in sections of embedded draintiles. 




236 Journal of Agricultural Research voi. 39 , no. 4 


On June 1, the moisture content of the soil in the cans was altered 
to low, medium, and high. While the capillary capacity as deter- 
mined by the Hilgard method was not accurate, an approximation 
was secured as a guide by which the changes in soil moisture of each 
soil type could be made, as follows: High soil moisture, represented 
by the capillary capacity; medium soil moisture, 60 per cent of the 
water-holding capacity; and low soil moisture, 25 per cent of the 
water-holding capacity. After sufficient time had elapsed for 
moisture in the soil to approach a state of equilibrium, those cultures 
representing a high soil-moisture condition were supersaturated. 
The quantity of moisture applied to the soil of the other two sets 
appeared to be satisfactory. The quantity of moisture applied to 
the high-moisture series was therefore arbitrarily lowered until the 
water applied covered the surface of the soil approximately to a 
depth of one-fourth inch. A sufficient number of cans, filled with 
Muscatine silt loam were available for eight replications of each soil- 
moisture condition during the first growth of the plants. Duplicate 
tests of low, medium, and high soil moisture were conducted with 
cans filled with dune sand. 

The cans were weighed two or three times a week, depending upon 
the prevailing environmental conditions, and the necessary water to 
correct for the quantity lost was added to the soil surface by spraying. 
The plants of the first growth were harvested individually August 3, 
4, and 5, being cut V /2 inches above the surface of the soil. Records 
were taken of each flowering stem as to its height, the number of 
flower heads and their maturity, the size of leaf and head, the color 
of leaf, and the vigor of the plant. Moisture-free weights were 
determined for each plant. 

Influence of Soil Moisture on Development of Red-Clover Plants 

The foliage of the plants in soil of high moisture content became 
light green in color soon after they were subjected to the high moisture 
condition. This coloration of the leaves gradually increased; many 
became brown and others yellowish green by the time the plants 
were harvested. The leaves were also decidedly few and small when 
compared with leaves of plants grown under conditions of medium 
soil moisture. Adventitious roots developed from the lowest nodes 
of many flowering stems. The plants were markedly stunted, and 
the growth was lacking in vigor. The flower heads began blooming 
more than a week earlier than those on plants growing in soil of 
medium moisture. 

Plants growing in soil of medium moisture developed vigorously, 
producing many flowering stems, medium-sized leaves normal in 
color, and large flower heads. The blooming of the flower heads was 
later than that of plants growing in soil kept at a high or a low soil- 
moisture content. 

Plants growing in soil low in moisture were stunted, the leaves 
were of average size, but the heads appeared to be smaller than those 
from plants growing under a medium soil-moisture condition. Three 
weeks after the moisture Content in this soil was lowered, the leaves 
showed symptoms of wilting during the day. This condition was 
more pronounced in the lower leaves, many of which turned brown. 
When the soil became dry enough to cause wilting, the green color of 
the plants became darker than normal. 
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Plants growing in dune sand maintained at soil moistures compar- 
able to those used in the loam, developed similar external character- 
istics, as illustrated in Figure 3. The number of flower stems, number 
of heads, height of stems, and extent of vegetative growth were 
found to be adversely affected by extremely low oj high soil moisture, 
as shown by Table 3. 

Significant increases of the measured characters resulted from 
medium soil moisture when compared with low and high soil moisture. 



Figure 3.— Effect of soil moisture on the development of red-clover plants grown in Muscatine silt 
loam (A) and in dune sand (B) at Urbana, 111., 1927 


No significant differences were observed in the effects of low and high 
soil moisture on the production of flower stems and the average 
height of the plants. 

Table 3. — Effect of low , medium , and high soil moisture on the production of 
flower stems and heads, and weight of dry material of red-clover plants grown 
in Muscatine silt loam and dune sand at Urbana , III., 1927 




First growth, average per plant of— 

Soil type and soil-moisture condition 

Plants 

Flower 

steins 

1 Height of 

1 stems 

Heads 

Weight of 
dry material 

Muscatine silt loam: 

Number 

Number 

Inches 

Number 

Grams 

Low 

45 

4. 7±0.20 

10.1=fc0. 37 

11. 5rfc0. 83 

5. 45=1=0. 227 

Medium... 

45 

7. 5± . 27 

17. Q± .41 

30. 5=fc2. 08 

13. 66=fc . 578 

High ... 

Dune sand: 

43 

3. 8=fc . 17 

11. 9=t . 56 

4. 0± . 38 

3. 21± . 188 

Low 

9 

5. 7=fc . 51 1 

9. 7dt .54 

11. 3±1. 80 

4. 99=fc . 509 

Medium 

10 

7. 2db . 25 j 

17. Ozb .44 

29. 2±3. 21 

12. 41± .828 

High 

10 

3. 2± . 37 

11. 7dzl. 10 

3. 7dt . 54 

° 2. 09sfc .371 


* Based on 9 plants. 
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Even though the effect of low and high soil moisture was much the 
same on all these characters, yet in general a low soil-moisture content 
was less injurious than a high one. The effect of soil moisture was 
the same whether the plants were growing in Muscatine silt loam or 
dune sand, except that in dune sand there was no significant difference 
in the number of flower stems in plants growing in soil of low moisture 
as compared to soil of medium moisture, but plants growing in dune 
sand kept at a high moisture content produced fewer flowering stems. 
This lack of difference between plants in soil of low and soil of medium 
moisture content probably resulted from the fact that one plant was 
missing from one of the low-moisture cans, giving the other four more 
available water for development. Dune sand under the existing condi- 
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Figure 4.*— Effect of soil moisture on the growth of rod-clover plants 
in Muscatine silt loam, Urbana, III., H»27. (Based on Tablo 3) 


tions was nearly as productive as the Muscatine silt loam, as is shown 
in Figures 4 and 5. The maximum productivity of either soil, however, 
was probably not reached. It is apparent that plants growing under 
optimum soil-moisture conditions will produce a greater yield of 
seed than those growing under more adverse conditions, provided the 
other factors that influence the setting of the seed are similar. 

Influence of Soil Moisture on Numbers of Florets per Head 

Plants growing in loam or in sand, low or high in moisture, appeared 
to develop smaller heads than plants growing in soil of medium mois- 
ture content. In order to test the correctness of this observation, 
the number of florets per head was determined for five mature heads 
from each of two different mother plants growing in the same can. 
A statistically significant difference in the number of florets per head 
was noted in favor of heads produced by plants growing in loam soil, 
low or medium in moisture content in comparison with those produced 
by plants growing in saturated soil. (Table 4.) Although the 
figures show a difference in the number of florets between plants 
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growing in soil of low moisture as compared to those in soil of medium 
moisture, calculated odds indicate that the difference is not significant. 
In dune sand a significant difference in number of florets per head 
occurred only between plants in soil of medium and those in soil of high 
moisture. Since the heads appeared smaller on plants in soil low in 
moisture, this was probably due to a lack of turgor in the cells of the 
corolla tissue, which permitted the individual florets to remain close 
together. A wide variation in the number of florets per head occurred 
under each condition of soil moisture. Greater variability in the 

r SoiL I Average Number Flower Stems Per Plant I 



Figure 5.— Effect of soil moisture on the growth of red-clover 
plants in dune sand, Urbarrn, 111., 1927 (Based on Table A) 

size of head occurred in both loam and sand when the plants were 
grown under extreme moisture conditions than when they were grown 
in soil of medium moisture. 


Table 4. — Effect of low , medium , and high noil moisture on the number of florets 
per head for five mature heads from each of two mother plants when red-clover 
plants were grown in Muscatine silt loam and dune sand at IJrbaua, Ill. } 1927 


Soil type and soil-moisture condition 


Muscatine silt loam: 

Low 

Medium 

High 

Dune sand: 

Low 

Medium 

High 


° Weinberg’s (7) formula of variability: W—a 


■yjMm—Mo 

ij (Ma—Mo) (Mm—Ma) 


standard deviation. 

Afro** highest class interval or highest variate. 
A/a** mean. 

Afo ^lowest class interval or lowest variate. 


First growth of- 


1 Flower 

Total Florets 

1 heads j 

i 

florets i>er head 

i 

1 HO 

7,209 90*1.7 

90 

8, M2 9f»d hi. 8 

77 

6,208 81 ±2. 3 

20 

1,706 85*3.4 

20 

.1,952 98*2. 5 1 

19 

1,406 74*4.9 
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Influence of Soil Moisture on Maturity of Flower Heads 

When the first growth was harvested records were kept on the 
maturity of all flower heads, each head being classified as brown, red, 
or “bud.” The heads were classed as brown when all the corolla tubes 
were brown; red, when any open floret showing color remained on the 
head; and bud, when the head was without any opened florets. 
Heads from plants growing in soil low and high in moisture matured 
more uniformly than those growing under favorable soil-moisture 
conditions, ('fable 5.) This was true whether plants were grown 
in dune sand or in Muscatine silt loam. 

Table 5. — Effect of low , medium, and high soil moisture on the maturity of flower 
heads of red-clover plants when grown in Muscatine silt loam and dune sand at 
Urbana , 111., 1927 





First-growth maturity of flower heads 


Soil type and soil-moisture 
condition 

Number 
of plants 

Brown 

Red 

Bud 



Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Muscatine silt loam: | 

Low 1 

45 

377 

72.8 

92 

17.8 

49 

9.4 

Medium 

45 

1,057 

64.4 

274 

16.7 

311 

18.9 

High 

43 

149 

87. 1 

9 

5.3 

13 

7.6 

Dune sand: 

Low 

9 

80 

78.4 

13 

12.8 

9 

8.8 

Medium 

10 

182 

62.3 

63 

21.6 

47 j 

16. 1 

- High 

10 

! 

32 

86.5 

2 

5.4 

3 ! 

8.1 











Influence of Soil Moisture on Fertilization of Red-Clover Flowers 

It has been shown that a low or high soil-moisture content adversely 
affects the number of flowering stems, the number of heads, and the 
weight of dry matter produced by red-clover plants as compared to 
plants growing in soil of medium moisture. The difference in the 
number of florets produced under the various degrees of soil moisture 
was found to be slightly in favor of medium and low soil-moisture 
content. It remained to be determined whether under the con- 
ditions of the experiment there would be a difference in the number 
of seeds set by plants growing in soil of low, medium, or high moisture 
content. In the greenhouse experiments reported earlier in this 
paper no such difference was found. 

It was hoped that plants growing in the open, like those under 
experiment, would be adequately pollinated by bees. From pre- 
liminary experiments conducted in 1926 it was learned that natural 
cross-pollination by bumblebees could not be depended upon for 
quantitative results in the matter of seed produced, even when colo- 
nies of bumblebees were transferred to locations adjacent to the 
controlled cultures. 

Artificial cross-pollination, therefore, had to be resorted to, and 
florets were cross-pollinated between June 30 and July 20 from each 
of two individual plants of a different parentage growing in the same 
can. On most of the heads the number of florets successfully 
manipulated were counted, but in a few cases this was impossible on 
account of the condition of the florets. 
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From the number of seeds set, as shown in Table 6, it appears that 
high soil moisture is less favorable for seed setting than medium and 
low. It is believed, however, that the lower percentage of seed pro- 
duced under high soil moisture resulted from a lack of pollen neces- 
sary for pollination rather than from a failure of the pollen or stig- 
matic surfaces to function. This deficiency of pollen was apparent 
in every case where plants were growing in soil of high moisture 
content. It may be assumed that the lack of pollen resulted from the 
unthrifty condition of the plants. Examination of the pollen from 
plants growing under the three moisture conditions failed to show any 
distinct differences in its physical characters. 


Table 6 . — Effect of low , medium , and high soil moisture on the number of seeds 
set by flowers, artificially cross-pollinated, when two plants were growing in the 
same can in Muscatine silt loam and in dune sand at Urbana, III., 1927 




First growth 



Soil type and soil-moisture condition 

Number 
of plants 

Total 

florets 

! Number} 
i of florets i 
; cross- 

Florets setting 
seed 


on head 

! polli- 
i natod 

Number 

Per cent 


Muscatine silt loam: 






Low... 

10 

968 

385 

263 

68.3 

Medium 

12 

1,204 

468 

369 

78.8 

High. .. .... 

14 

1. 106 

475 

281 

59. 1 

Dune sand: 






Low ... ... 

4 

455 

150 

121 

80.7 

Medium.. 

4 

428 

: 160 

101 

63.1 

High. . . ... 

4 

176 

i « 143 

73 

51.0 




° Number of cross-pollinated florets on 2 heads approximated. 


FIELD STUDIES 

RESULTS OF POLLINATIONS MADE IN JUNE, JULY, AND AUGUST, 1927 

In the previous investigations where plants were grown under con- 
trolled conditions, the degree of soil moisture and atmospheric humid- 
ity did not limit the setting of red-clover seed. In the field, many 
influences are operative, and it is difficult to separate and control 
any one factor. It was desirable, therefore, to determine how far 
the conclusion reached by a study of red-clover plants under control 
would be confirmed by a study of plants in the field. 

The material available for this experiment consisted of vigorous 
second-year clover, growing on Muscatine silt loam in a high state 
of fertility. It was decided to cross-pollinate florets during the bloom- 
ing season, when the combined influence of various atmospheric and 
soil-moisture conditions might be met. 

Two red-clover plants were selected a foot apart, and 12 soil borings 
were made in a clockwise manner in a radius of 1 foot from the nearer 
plant. Moisture determinations were made from each boring of each 
of three zone depths, 9, 18, and 28 inches. The results of these deter- 
minations indicated that four equidistant borings represented the 
soil moisture of the main soil area from which water was absorbed by 
the roots. The borings were made, generally once or twice a week, 
from June 4 to September 22, and the percentage of moisture of each 
sample was determined. Each plant to be cross-pollinated was used 
as an axis from which the borings were located. 
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In order to obtain records of atmospheric moisture at the time the 
pollinations were made, a standard United States Weather Bureau 
instrument shelter was constructed and located at one edge of the 
plot. The shelter was so situated that when a hygro thermograph 
was placed inside, the instrument was 18 inches from the surface of 
the soil, a distance approximating the height of the clover heads. 
A sling psychrometer was used daily to check the readings of the 
hygro thermograph at the time of pollination. 

Practically every day during the months of June, July, and August 
and during the first three weeks of September two plants located not 
more than a foot apart were selected for experimentation. Each 
plant had two flower heads of approximately the same degree of 
maturity, that is, from one-fourth to one-half in bloom. The heads 
were tagged and numbered, and one head from each plant was polli- 
nated with pollen from a head on the other plant. The manipulation 
was similar to that used on plants in the greenhouse experiments. 
The greater number of the pollinated florets were manipulated three 
times, an effort being made to cross-pollinate all the florets on each 
head. The different pollinations of the same heads, however, were 
usually made two days apart. Pollinations were made during various 
hours of the day from 8 a. m. until 7 p. in. When the heads were 
cross-pollinated, observations were recorded as to whether the day 
was cloudy, partly cloudy, or clear; the time and date of the manipu- 
lation; the maturity of the heads; the physical condition of the 
pollen; and other notes descriptive of environmental and plant con- 
ditions. The heads were harvested four to five weeks after they had 
been pollinated, and notes were recorded as to the height, number of 
flower stems and heads, vigor, and the presence or absence of seed on 
open-pollinated heads of the female plant. 

Because of the increase of insects which destroyed many florets 
and heads during the latter part of August it became necessary to 
bag the heads after pollination. Under these circumstances only one 
head with approximately 30 open florets on each plant was selected 
and cross-pollinated. The florets were counted and the heads covered 
with small cheesecloth bags until harvested. The total numbers of 
florets and seeds in each head were later counted in the laboratory. 
The hygro thermograph records were employed as a basis for the 
calculation of the saturation deficit, which permitted comparisons to 
be made of the variations of the atmospheric moisture under varying 
temperatures. 

Weather conditions were ideal for the tests, as extreme and normal 
relationships prevailed at different times during the season. The 
plots were on low ground, and during periods of heavy rainfall water 
stood for several days 3 to 4 inches over the surface of the soil in 
the lower areas. 

During the season a total of 145 heads were cross-pollinated, 
including heads from both first and second growth. In most cases 
the florets on each head were pollinated at different times, usually 
under a different set of environmental conditions. The uneven 
opening of the florets necessitated more than one pollination. 

The results of the pollinations made during June, July, and August 
clearly indicate that moisture is not a limiting factor in the setting 
of red-clover seed. In many cases where the combined effect of high 
atmospheric and soil-moisture conditions were operative at the same 
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time seed set as freely as when soil and air were relatively dry. At 
different times during this period florets from 11 heads were pollinated 
when the soil was saturated or supersaturated. In all of these cases 
the number of seeds set was as great as under conditions of lower 
soil moisture. Florets pollinated when they were wet with dew or 
rain produced seed. The number of seeds, however, was less than 
from heads under dry conditions. The washing of the pollen from 
the needle was believed to be partly responsible for this decrease of 
seed setting. Likewise, the degree of atmospheric humidity did not 
appear to affect the setting of seed. There appeared to be no differ- 
ence in the relative quantities of seed set by florets of vigorous plants 
and by those of weak plants or between first-growth or second-growth 
flowers. 

RESULTS OF HAND POLLINATION, SEPTEMBER, 1927 

The results of the pollinations made during September are con- 
sidered representative of those of the previous months, since similar 
climatic conditions prevailed. A presentation of the data is possible, 
as a known number of florets on each head were pollinated at one time 
under a definite set of conditions, which necessarily must include both 
atmospheric and soil moisture. (Table 7.) There was one failure to 
obtain a setting of seed during September, and this failure appeared 
to result from nonfunctional pollen. The other plant involved in the 
cross, however, produced 20 seeds from 22 pollinated florets. 

Taiile 7 - Effect of noil moisture on the setting of seed when the florets of red-clover 
plants reeve artificially cross- pollinated under field conditions at Urhana, III., 
September, 1927 

I Second growth 


Soil-moisture range 


18.0 to 22.5 per cent 

22.0 to 27.5 per cent 

27.5 per cent to saturation 
Supersaturation 


Influence of Soil Moisture on Seed Setting 

Florets of four plants were manipulated when the soil was super- 
saturated, many when the soil was nearly saturated, but the greatest 
number of pollinations were made when the soil moisture appeared 
to be most favorable for growth. Low conditions of soil moisture 
were experienced at only one period and this did not represent an 
extreme condition. 

The percentage of seed set when the soil was supersaturated 
apparently is somewhat lower than that set under other soil-moisture 
conditions. This difference is not significant, it is believed, because 
wide variations existed in all ranges of soil moisture, and the small 
number of individuals in the supersaturated range undoubtedly con- 
tributed to the position it occupies. It happens that two of the 
four heads produced percentages of 72 and 87, which are as great as or 
greater than the percentage set at the other soil-moisture ranges. 
Also, each of the lower ranges of soil moisture have at least three 
individuals which set as low a percentage of seed as the other two 
plants under the supersaturated condition. 


! Number 
Number ! of florets 
of i cross- 

plants i polli- 

! noted 


12 

337 

231 ; 

f>9 

21 

583 | 

418 ! 

72 

1(5 

4 Of) j 

273 j 

(57 

4 

! 94 

50 } 

53 


Florets setting seed 
Number j Ter cent 
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Influence of Meteoric Water on Pollination and Fertilization of 

Red-Clover Florets 

During these investigations, florets of six plants were cross- 
pollinated when their perianths were wet with dew or rain, and if 
the number of seeds harvested is compared with the florets pollinated 
under dry conditions it is apparent that meteoric water does not 
limit the functioning of the pollen and the stigmatic surfaces of 
red-clover florets. Manipulation of the florets was difficult, as the 
pollen was often washed off the needle, and it was sometimes question- 
able whether pollen was successfully transferred. 

The results presented in Table 8 show that florets wet with dew or 
rain at the time of pollination are capable of seed production. The 
percentage of florets setting seed was greater than the number 
normally set under field conditions. The chances of the pollen not 
being successfully transferred were great and possibly caused the 
wide variation in the number of seeds set. 

Table 8. — Effect of meteoric water on seed setting , when florets of red-clover plants 
were artificially cross-pollinated under field conditions while flowers were wet 
with dew or rain at Urbana , III., September, 1927 


Plant No. 


Female 

Male 

ltX) 

101 ... . . 

101 

100 __ 

102 

103 

103 

102. .. ..... .... .. 

120 

121 . .. ... . 

121 

120 




Numl>er 
of florets 
cross-[K)l 
limited 


21 

22 

26 

19 

26 

27 


Florets setting seed 


Number j Per cent 

l 

i 


20 

9 

10 

19 

18 


33 

91 

35 

53 

73 

67 


Total or average. 


141 


83 


59 


When the florets were tripped, the pollen was observed to be clumped 
together in large masses. It appeared to adhere to dry parts of the 
needle, but no affinity existed between the pollen and the moistened 
surfaces. Pollen was scarcely visible on the proboscides, legs, and 
body hairs of bumblebees which were caught while working the florets 
at the time the hand pollinations were made. During the season 
two heavy, precipitous rains occurred, followed by high temperatures. 
This condition appeared to cause a deterioration of the pollen which 
had been dehisced preceding the rain. A few hours later, however, 
pollen from newly opened florets functioned when used in cross- 
pollination. 

Atmospheric Humidity as Related to Seed Setting 

Atmospheric humidity during September varied widely. The re- 
sults from pollinating florets under these conditions are presented in 
Table 9. During this period, the florets were pollinated under atmos- 
pheric conditions such that the saturation deficit varied from 0.109 to 
0.654. In a few cases, rain was falling at the time of manipulation, 
the florets being shielded so that the rain did not touch the floret or 
needle. 
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Table 9. — Effect of atmospheric humidity on the production of red-clover seed 
under field conditions , when florets were artificially cross-pollinated at Urhana , III., 
September , 1927 


Saturation deficit range 

1 

Number 

Number 
of florets 

Florets setting seed 

of plants 

cross-pol- 

linated 

Number 

Per cent 

0 to 0.199 .. -J 

0.200 to 0.299 _ _ 

8 

18 

219 

497 

131 

352 

60 

71 

0.300 to 0.399 

10 

279 

188 

67 

0.400 to 0.499 ... _ 

2 

51 

32 1 

63 

0.500 to 0.599.... 

i 9 

228 

172 

75 

0.600 to 0.699 

6 

146 

97 

66 


The results of these investigations agreed with those conducted in 
the greenhouse in that atmospheric humidity was not a limiting factor 
in the production of red-clover seed. Although it might appear from 
che data in Table 9 that a low saturation deficit was not so favorable 
for the setting of seed as a drier atmosphere, most of the heads worked 
on at a deficit ranging from 0 to 0.199 were pollinated when the florets 
were wet with meteoric water, which increased the chances of unsuc- 
cessful pollination. The hygro thermograph records showed that 
during practically every night the atmospheric humidity increased 
approximately to saturation. 

DISCUSSION 

The foregoing results show that high atmospheric moisture in both 
field and greenhouse studies did not limit the setting of red-clover seed. 
If, as Martin found, artificial germination of pollen is delicately ad- 
justed to a water supply, the stigrnatic surface must be able to regu- 
late the water which it furnished in accordance with the atmospheric 
moisture present. As the atmospheric humidity often varies quickly 
and widely, the regulation of the water produced by the stigrnatic 
surface must be rapid, and it seems improbable that this is the case. 
In Martini investigations on artificial germination it appears more 
likely that factors other than humidity were operative which were 
not studied. The atmospheric moisture surrounding the pollen grain 
at germination is believed to be of little consequence in its functioning. 
This conclusion is further substantiated by the results of the investiga- 
tions on the effect of meteoric water on pollination and fertilization 
of the florets. Seed was produced in the field when red-clover florets 
wet with meteoric water were pollinated. In these experiments the 
stigma had no control over the quantity of water that came in con- 
tact with the germinating pollen. 

Soil moisture whether nigh or low does not prevent seed setting, 
although plants grown constantly in wet soil may set a smaller per- 
centage of seed than those in a dry or medium-wet soil. This appears 
to be due not to the influence of moisture on the functions of pollen 
or stigma, but to the fact that the plant, being in an unhealthy con- 
dition, fails to produce sufficient pollen. Medium soil moisture is 
conducive to vegetative growth and the production of flowers, which 
if properly pollinated would of course produce the largest yield of 
seed. The question arises, however, whether plants grown in soil 
in which the moisture is slightly below the optimum for growth 

$1541—29 2 
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would not by maturing their flowers more uniformly, be more satis- 
factory for seed production. While infertile ovules may occur, they 
are apparently not caused by moisture conditions and are not present 
to a greater extent in the first than in the second growth. 

Although these investigations indicate that variations in moisture 
conditions surrounding the plant at the time of reproduction do not 
limit seed setting, it is believed that moisture indirectly affects red- 
clover seed production in that it appears to influence the activities 
of pollinating insects. Microscopic examination of bumblebees after 
visiting flowers wet with meteoric water showed an absence of pollen 
on their body hairs and proboscides. Either the pollen did not 
adhere after being moistened or it was washed off the bees by excess 
water. During the seasons of 1926 and 1927 it was observed that 
more bees were engaged in visiting flower heads between noon and 
5 p. m. than in the morning. Hygro thermograph records showed that 
generally the largest saturation deficit occurred at the time of the 
greatest activity of the bees. 

Red-clover pollen is often considered as being dry when dehisced 
from the anthers. Observations made under a wide range of envi- 
ronmental conditions indicate that pollen is always somewhat sticky 
and moist. Hence, red-clover plants may be classified as entomoph- 
ilous. During periods of small saturation deficits pollen did not 
fly as freely as when a large deficit occurred. When the florets were 
wet with meteoric water, the pollen was generally found in relatively 
large sticky amorphous masses. In a few cases, however, pollen was 
discharged when the florets were tripped. 

When a mature floret is tripped, the sudden release of the filaments 
and anthers from the carina discharges a part of the pollen. A large 
proportion remains on the anthers until the pollen comes in contact 
with outside agencies. When the floret first opens, the pollen is 
usually in lumpy, amorphous masses and very seldom is any dis- 
charged when the floret is tripped, but as the open flower advances 
in maturity a greater quantity is ejected. During these investiga- 
tions observations have shown that, in visiting flower heads, the 
bumblebee has a preference for those in full bloom and those in which 
the corolla tissue has become brown. At this stage it is possible that 
many of the ovules have disintegrated and the quantity of viable 
pollen is not so abundant as in florets less advanced in maturity. 
Considerable variation in the quantity of pollen which is ejected 
exists between different florets of the same head. The greater part 
of this variation, no doubt, results from a difference in the maturity 
of the flowers. In several cases florets have been examined in which 
the pollen appeared never to have been functional. 

* SUMMARY 

This study concerns the relation of atmospheric and soil moisture 
to seed production of red clover. 

Soil moisture, whether low, medium, or high, did not prevent the 
setting of red-clover seed either when plants were grown in the field 
or under controlled conditions. 

Medium soil-moisture content when compared to low or high soil- 
moisture content increased the productiveness of red-clover plants 
with respect to both the number of heads and flower stems and vege- 
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tative growth. Plants grown in soil low in moisture produced a 
greater number of heads and more vegetative growth than those 
grown in soil high in moisture. 

Low soil moisture and high soil moisture were more conducive to 
early flowering and uniform maturity than a medium soil moisture. 

A greater number of florets per head were produced when plants 
were grown in soils of medium and low moisture content than when 
they were grown in soils of high moisture content. No significant 
difference was observed in the number of florets per head on plants 
grown in soils of medium moisture and those grown in soils of low 
moisture content. 

The differences in soil moisture did not appear to affect the physical 
condition of the pollen. 

Atmospheric humidity did not affect the setting of red-clover seed 
under greenhouse or field conditions. Pollen under conditions of 
high atmospheric humidity showed a greater tendency to cohere 
than under conditions of low humidity. 

When the plants were growing under field conditions, cross- 
pollinated red-clover florets wet with meteoric water produced seed. 

In laboratory tests not all pollen grains burst immediately when 
placed in water. 
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AERIAL CROWN GALL OF THE APPLE 1 


By E. A. Siegler, Associate Pathologist , and R. B. Piper, Assistant Scientific Aide , 

Office of Horticultural Crops and Diseases , Bureau of Plant Industry , United 

States Department of Agriculture 

INTRODUCTION 

Malformations of the apple variously termed “ aerial crown galls,” 
“stem tumors,” and “burr knots” have been well known for many 
years. Knight (9) 2 in 1809 referred to them in connection with their 
use in propagating affected varieties by cuttings. Darwin (2, v. 2 , 
p. 89~40), evidently referred to them when he wrote: “In Chiloe [an 
island off the coast of Chile] the inhabitants possess a marvelously 
short method of making an orchard. At the lower part of almost 
every branch, small, conical, brown, wrinkled points project; these 
are always ready to change into roots, as may sometimes be seen, where 
any mud has been accidentally splashed against the tree.” He then 
described how branches from these trees are buried in the soil in order 
to form shoots. Garman (4) illustrated typical galls and referred to 
them as a knot disease, probably dwe to a fungus. Hedgcock (6*) 
described these swellings as a form of crown gall, basing his assump- 
tion on the fact that they rooted and formed the typical woolly-knot 
type of crown gall when buried in the soil. He also specifically stated 
that cuttings from these malformations readily threw out roots when 
placed in moist sand or soil, and he called attention to the fact that 
these swellings “develop, internally, incipient adventitious roots, 
which * * * break forth, * * * forming a warty knot.” Smith, 
Brown, and Townsend {15) also believed these malformations to be a 
form of crown gall. Despite the fact that the possibilities of vegetative 
propagation by use of these malformations were apparently well 
known, this method is believed never to have been put into actual use 
in the United States, probably because of the belief that it would 
not be practicable. 

In the literature there is known to the writers only one reference 3 
in which isolation of the crown-gall organism (. Bacterium tumefaciens 
Sm. and Town.) has been reported. Taubenhaus reported this 
isolation but failed to state whether he tested the validity of the 
organisms he isolated. This test is a necessary safeguard against 
wrong interpretations. 

Brown (i), in reporting experiments that extended over a long 
period, stated her inability to isolate the crown-gall organism from 
typical stem tumors. She also noted that while plant pathologists 
and entomologists in general have referred to this type of overgrowth 
as a manifestation of crown gall, this assumption was based on rather 


1 Received for publication Feb, 2, 1929; issued August, 1929. 

2 Reference is made by number (italic) to “ Literature cited," p. 261. 

* Adams, j. F. diseases or fruit and nut crops in the united states in 1922. U. S. Dept. Agr., 
Bur. Plant Indus. Plant Disease Bui. Sup. 28: 308. 1923. IMimeographed.) 
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inconclusive evidence. Swingle (16) in view of this statement and 
as a result of observations concluded that these aerial galls were 
merely varietal responses and urged the further consideration of 
propagating these affected varieties by means of cuttings from these 
galls. Melhus (10) and several other investigators apparently agreed 
with this diagnosis. Muneie and Shippy (11) also reported negative 
results in isolations from burr knots of apple, but noted that certain 
environmental conditions favored the production of burr knots. 

Siegler (IS) isolated, from malformations on apple roots, an organ- 
ism which appeared identical with the apple strain of Bacterium 
tumefaciens. This organism was tested on apple shoots, as well as 
on certain other hosts, in order to determine its pathogenicity. It 
was noted that inoculations with this organism on apple shoots, 
growing under greenhouse conditions, resulted in malformations 
which resembled typical aerial galls. 

EXPERIMENTS 

The experiments reported in this paper were undertaken mainly 
for the purpose of testing the pathogenicity of certain bacterial 
organisms isolated from malformations on grafted apple trees. It 
was soon ascertained that the strain of the crown-gall organism that 
appeared identical with the daisy strain of Smith et al. (16) failed, 
with rare exceptions, to cause infection when inoculated on tender 
shoots of the apple, whereas a certain other strain, which may be 
called the apple strain, readily caused infection. This is the strain 
referred to by Siegler (13) as being probably identical with the apple 
strain of Smith et al. (15) and as being pathogenic on certain hosts, 
including the apple. It is thought that this is the same organism 
that Hiker et al. (12) classed as one of their nonpathogenic strains. 

Inoculations were made mostly by means of needle punctures, 
either single or grouped. Hypodermic needles and scalpels were 
also employed. The hypodermic needle was a standard 24-gauge 
make, which at the suggestion of M. B. Waite was slightly modified 
to prevent clogging. The inoculum was placed at various depths in 
the tissues. In some cases the hypodermic needle by accident was 
forced entirely through the tissues so that it projected from the 
opposite side. Control punctures were always made in the same 
manner with the same type of instrument either on the opposite side 
of the same twigs or on twigs which would correspond to the inocu- 
lated ones so far as growth characteristics were concerned. Inocu- 
lations were generally made on the growth of the current year, but 
they were also made on limbs up to 6 years of age and 1 inch in 
diameter. 

In most of the experiments young seedlings grown from seeds of 
varieties susceptible to the aerial form of crown gall were used. The 
seeds were mostly from open-pollinated fruits' of the Chenango and 
Buckskin varieties. Inoculations were also made on 10-year-old 
Early Ripe and Givens trees. The details of the inoculation experi- 
ments are listed in Table 1 . 



Table 1 . — Results of inoculating apple stems with apple and peach strains of crown gall 
fin the eighth column the numerator of the fraction indicates the number of shoots inoculated and the denominator the number of punctures] 
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In an examination of this list of experiments it will be seen that 
infections were obtained consistently, but that a comparatively 
small percentage of infection actually resulted, when every puncture 
is considered. There were very few cases in which an inoculated 
twig failed to become infected in at least one of the punctures. The 
reactions obtained on apple shoots of various ages resemble in gross 
morphological respects the typical naturally occurring burr knots. 
(Fig. 1, A, B.) In their incipiency many are indistinguishable 
macroscopically from the small swellings usually found just above 
the bud and generally considered to be aphis injury. (Fig. 1, C.) 
The organism has been recovered from the areas designated by 
arrows in this figure. These small swellings may enlarge quite 
rapidly until they consist of a mass of roots projecting through the 
epidermis. (Fig. 1, D.) When the swellings have reached this 
stage it has rarely been possible to reisolate the organism from them. 
In no case have adventitious shoots appeared; in these experiments 
swellings made up of root primordia invariably have resulted from 
infection. In no case have the control punctures become infected, 
and they have never shown any reaction other than the slight dis- 
turbance of the tissues which normally would be expected. In cases 
where punctures have been relatively small the wounds have practi- 
cally healed over, as shown in Figure 1, E, whereas many of the 
inoculated areas when not actually resulting in apparent infection 
still show a greater disturbance of the tissues as shown in Figure 1, F. 
A shoot in one of the experiments representing the highest percentage 
of infection is shown in Figure 2, A, with the control in Figure 2, B. 
It is seen that these are macroscopically indistinguishable from the 
naturally occurring galls. Among the infections which were secured 
by means of inoculations there were comparatively few cases where 
there appeared an outgrowth consisting of a single root rudiment as 
illustrated in Figure 3, A. Reisolations have been made from these 
infections. 

On older wood, as a result of a single experiment, the chances of 
securing infection are apparently greater. Figure 2, C, shows swell- 
ings produced at five out of six points of inoculation by means of 
needle punctures in groups of five. The control punctures, made on 
a near-by branch, have healed over. 

Rather striking examples of excessive root formation resulting 
from inoculations are shown in Figure 3, B, C. It is probable that 
the excessive root growth was favored by moisture conditions due to 
the closeness of these inoculated areas to the soil. 

The experiments in which shoots of the current year were girdled 
at the base by a scalpel smeared with the inoculum proved interesting 
in that root primordia appeared on these girdled areas. This result 
may account for the presence of aerial galls on pruning wounds. 
Additional evidence on this point is furnished by an experiment in 
which the inoculum was placed on a freshly made pruning wound by 
means of a scalpel. One large swelling, one-eighth inch in diameter, 
resulted in the cortical region on the inoculated wound which was 
approximately one-half inch in diameter. This experiment has been 
repeated with like results. The control wound remained free of any 
abnormal growth. The root primordia which developed on the girdled 
twig in experiment No. 159 are shown in Figure 2, D, with the control 
girdled region completely healed as shown in Figure 2, E. 
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Figure 1. - A and B Early stages of naturally occurring aerial galls on Early Harvest armUr C 
smooth sweilmgs whicli apijear indistinguishable from woolly-aphis injury Lt which were’ 
duced bv inoculation with the crown-gall organism on Early' Kipe ap 

of ga!ls which were produced by artificial inoculations on a ^orthe^Sov Sdlinlr aJfd 
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Figure 2. — A, Shoot showing a comparatively high percentage of galls resulting from artificial in- 
oculations; time, 150 days; B, control punctures, which are healing over, for shoot shown in A; 
time, 150 days; O infections from inoculations on older wood; time, 90 days; X .1), root 
primordia formed in area girdled and inoculated by means of a scalpel in exi>eriment No. 159; 
time, 43 days; K, control area healing after girdling with a scalpel; time, 43 days. All, Early 
Kipe variety. All except C natural size 
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That these artificially produced aerial galls developed into the 
woolly-knot type of crown gall when planted in soil is shown in 
Figure 3, D. Numerous experiments repeatedly demonstrated this 
fact. The controls remained free of infection. 

Attempts have been made to reisolate the organism from artificially 
produced galls of different ages. With but one exception it has been 
impossible to isolate the organism from galls over 65 days old. From 
galls less than 65 days old the organism has been reisoJated only fairly 
consistently. In all there have been 16 attempts at reisolating the 
organism from artificially produced galls, and 31 per cent were suc- 
cessful. The reisolations have always been tested on susceptible 
hosts. During the last eight years numerous unsuccessful attempts 
have been made to isolate the crown-gall organism from naturally 
occurring aerial galls. In addition to these attempted isolations, 
macerations from galled areas have been made and the suspension 
inoculated into Bryophyllum. No infections were obtained on this 
host. All stages of natural galls have been used in these attempts at 
isolation. 

DISCUSSION 

Swingle (16) noted the absence in American literature of references 
to nonpathological, dormant, stem-borne roots in any plant. If this 
statement is applied to the apple and specifically to burr knots it is 
easily understood. Because of their resemblance to the under- 
ground form of crown gall, as stated previously, these malformations 
have been considered by pathologists as being of pathogenic origin. 
Previous to Swingle’s (16) article, Brown (1 ) had reported her failure 
to obtain the crown-gall organism from the burr knots she described. 
Furthermore, before Hedgcock’s (6) publication wherein he noted 
that these stem tumors developed incipient roots, the fact that 
these swellings consisted of root primordia had been well recognized. 
This recognition is true of Hedgcock’s (6) statement that cuttings 
readily root, “ developing directly into the woolly-knot form of the 
disease” (crown gall). It is not deemed necessary to enter into a 
further discussion to prove that aerial galls or burr knots have long 
since been recognized as root primordia and capable of readily propa- 
gating themselves by rooting when placed in the soil, 'fhat the 
terms “burr knot,” “aerial galls,” and “stem tumors” are synony- 
mous must be taken for granted, since no one has ever explained how 
to differentiate them. Since it was generally accepted in this coun- 
try that these aerial crown galls were of a pathogenic nature, patholo- 
gists may have been loath to suggest this means of propagation by 
cuttings. 

From the writers’ experiments it is evident that the so-called apple 
strain of Bacterium tumefaciens is capable of causing malformations 
morphologically identical with burr knots or stem tumors. Reisola- 
tions from relatively young infections are possible. The causal 
organism has been reisolated from one gall 106 days after inoculation, 
but the possibility that the original inoculum may have been present 
should not be overlooked. It has not been possible to culture the 
organism from older artificial infections or from naturally occurring 
galls of any age. It may be permissible to reason that the organism 
survives but a short time in the artifically produced galls. It may 
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also die very readily in the natural galls. Smith et al. {15), in discuss- 
ing the loss of virulence in culture of these crown-gall organisms, 
raised the following questions: “Why should not virulence often 
disappear from organisms buried inside the tissues of tumors? And 
is not the fact that the tumor has ceased to be active and the host 
has gained the ascendency evidence of this?” Israilsky (7) noted 
the disappearance of the organism from tumors and considered it due 
to the presence of a bacteriophage. Kauffman {8), using inoculum 
isolated from a mouse, also recorded failures to reisolate the organism 
from fully developed sunflower tumors, and concluded that after 
initial pathological growth has started the subsequent growth may be 
autonomous. This explanation may serve to account for the devel- 
opment of aerial galls after the initial stimulus has been supplied 
and definite root tissues have been differentiated. There is no normal 
way for these partially developed roots to function. They remain in 
a state of quiescence, although upon being placed in the soil under 
normal environmental conditions they become capable of functioning, 
at least to a certain extent. It is quite possible that the crown-gall 
organism may find this semidorm ant condition of the tissue uncon- 
genial and the organism may die out because of this condition 
alone. Smith et al. {15), as noted above, adopted a similar line of 
reasoning when, in referring to the dying out of organisms and mal- 
formations produced by hyperplasia resulting from inoculations with 
the daisy strain, they noted the loss of virulence. The writers’ view- 
point is that in thevse aerial tumors there is not a hyperplasia but an 
organization similar to a teratoma; that is, there are normal tissues 
occurring in a region where they are not normally found. They are 
apparently able to exist, but they may not offer conditions favorable 
to the growth of the organism. It should, therefore, be considered 
just as remarkable if the organisms lived in this tissue as if they either 
became attenuated or died. 

That there are tissues in the stem of the apple capable of forming 
roots is generally recognized. The ease with which some varieties 
root from the scion part of the graft is evidence of this. Furthermore, 
certain varieties of pear and other fruits are propagated from cuttings 
which root quite readily under certain conditions. Just what stimulus 
is required for roots to be formed in an environment not normally 
favorable to their development is not known. The writers’ experi- 
ments have proved that the introduction of the crown-gall organism 
into the stem tissues is at least one stimulus which causes the forma- 
tion of root primordia. In regard to the failure to isolate the organism 
from naturally occurring galls there are many examples of other 
diseases from which the causal organism can not always be isolated. 
For example, the pear-blight bacillus is exceedingly easy to demon- 
strate in tissues at certain stages of infection, but most infections 
quickly die out. 

The fact that burr knots are found more commonly on certain 
varieties does not necessarily make them a varietal characteristic as 
Swingle {16) argued. They may just as readily be regarded as 
evidences of varietal susceptibility. Nor does the occurrence of these 
tumors on vigorous trees prove or disprove their pathogenic nature. 
The writers’ observations, however, are that, in general, mature trees 
which show numerous galls are rather weak. At the Arlington 
Experiment Farm the varieties chiefly affected are of no commercial 
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importance. While no attempt has been made to make a survey of 
this disease, it is known to occur generally throughout the world. In 
the writers’ experience the Early Harvest appears to be the most 
important commercial variety on which galls are most frequently 
encountered. In 1918 at Jeff, Ala., every Early Harvest tree in an 
orchard of approximately 20 acres of Early Jtlarve/^jmd Yellow 
Transparent varieties was severely affected Knots. The 

trees were seriously weakened because the galls had almost girdled 
the main limbs and crotches. When one notes the great number of 
galls that may be present (fig. 4, A), and examines the areas surround- 
ing the older burr knots, it is difficult to understand how they can be 
deemed uninjurious. The 'mechanical girdling effect in itself would 
appear to suffice, regardless of the means of entrance of decay 
organisms and the susceptibility of the affected areas to other injury 
as illustrated in Figure 4, B. 

Hatton, Wormald, and Witt (5), after unsuccessful attempts 
to isolate an organism from burr knots, and as a result of other 
experiments, concluded that they are of a nonpathogenic nature. 
Doidge ( 3 ), however, noted the rapid spread of aerial galls on various 
hosts and evidently did not question the pathogenic nature of the 
galls. She noted that galls on the limbs and twigs usually originated 
at some point where an external injury had been caused by hail or 
other means. 

The woolly apple aphid is capable of causing swellings on the roots 
of apples. r J N hese aphid galls are quite distinct from crown gall. This 
insect also spends part of its life on the woody tissues aboveground, 
and it is frequently found, in groups, in the regions of the leaf axils. 
Swellings form in those regions and elsewhere apparently as a result 
of the aphid punctures. Such swellings follow the feeding of aphid 
colonies on various parts of the tree. While there is no proof that 
aphids or other insects are agents in initiating and spreading aerial 
crown gall, observations and knowledge of the life history of this 
insect would suggest that this is quite possible. It seems probable, 
as Brown (/) suggested, that aphids could carry an inoculation into 
the punctures they make. It should be noted, however, that aphids 
have never been proved to be agents in transmitting the crown-gall 
organism to the roots. In the writers’ experiments infection has 
seldom been secured by injecting the inoculum into the roots by means 
of needle punctures, while infection is more readily obtained on the 
shoots of the current year by inoculations with a needle of the same 
size. This difficulty in securing artificial infection in the roots by 
means of a puncture with a small needle may possibly account for the 
belief that aphids do not initiate and spread the crown-gall disease in 
the roots. A further discussion of the role they may play in con- 
nection with aerial crown gall is not within the scope of this paper. 

That intumescences are produced on many hosts, including the 
apple, by means of chemical stimulation seems well established. 
Much experimental evidence is given by Smith, especially in his 
recent publication ( 14 ), wherein he concluded that “many of the 
common teratological forms in plants and animals are due to parasitic 
or mechanical traumatic displacements occurring in early life.” 
Wallace (17) reported the production of intumescences on twigs on 
the Yellow Transparent variety by exposure* to ethylene gas. These 
intumescences do not resemble aerial crown gall in that there is no 
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FiGUft® 4 . t A, Branches of an apple tree showing numerous galls; B, injurious effect of a gall to 
the area surrounding it. Both of the Rasmussen variety and greatly reduced 
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evidence of the root rudiments. This variety, however, is not con- 
sidered susceptible to aerial crown gall. 

The malformations obtained by Smith et al. (15) and by Brown (1 ) 
on apple shoots by inoculations with the peach strain of the crown- 
gall organism are quite distinct from the ones the writers have secured 
by means of inoculations with the apple strain. While root forma- 
tions may be found in the galls illustrated by Smith et al. (15) and by 
Brown (i), it is evident that the swellings are a result of either hyper- 
trophy or hyperplasia. The writers have rarely been able to secure 
infections on the apple by aboveground inoculations with the so- 
called peach or daisy strain, but this strain readily causes infection 
on the stems of peach and hosts other than the apple. 

Smith et al. (15) noted differences in the strains of the crown-gall 
organism, but the fact that these differences have apparently not been 
generally recognized is probably the reason why inoculations similar 
to the ones described here have not been made previously. 

SUMMARY 

Malformations which are morphologically identical with those 
known as aerial crown galls, stem tuTflors, or burr knots have been 
produced consistently on the apple by means of inoculations with 
the apple strain of Bacterium tumefaciens . 

The organism has been reisolated from these galls only within 
comparatively short periods after infection. It has not been isolated 
from naturally occurring aerial galls. 

The evidence given here lends some support to the hypothesis 
that the natural occurrence of these malformations is due to infections 
with the apple strain of the crown-gall organism. It does not pre- 
clude the possibility that other agencies or factors may cause these 
malformations. 
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SOME FACTORS INVOLVED IN THE WINTERKILLING 

OF ALFALFA 1 


By J. L. Weimer 2 

Senior Pathologist , Office of Forage Crops and Diseases , Bureau of Plant Industry , 
United States Department of Agriculture 

INTRODUCTION 

The importance of winterkilling in relation to agriculture is attested 
by the extensive literature on the subject which has accumulated over 
a period of years. Many types of freezing injury have been studied 
on a large number of different plants and from many points of view. 
Nevertheless, there still remains much to be learned before a compre- 
hensive knowledge of all phases of this subject is obtained. It is the 
purpose of the present paper to present the data accumulated during 
the last two years in greenhouse and laboratory studies dealing with 
the freezing and killing points of alfalfa root tissue and some factors 
influencing them. It is recognized by the writer that some of the 
experiments, which have not been. carried out on such a large scale 
or repeated so often as desirable, are inconclusive. The only reasons 
for presenting the results of such experiments at this time are the 
impracticability of continuing this work and the desire to make these 
data available to others interested in the subject. 

As this paper deals with only a limited phase of winter injury no 
attempt has been made to give an exhaustive survey of the literature 
on this subject. Such reviews have been made by Chandler (4), 2 
Raos (18), Abbe (/), Wiegand (21), Blackman (8), Hildreth ( 9 ), 
Newton (18), Martin (14), and others. Steinmetz (19) has recently 
reviewed the literature on the overwintering of subterranean parts of 
herbaceous plants. The recent papers by Nelson (/£), Leukel (12), 
Albert (2), and Graber, Nelson, Leukel, and Albert (6) dealing with 
the relation of root reserves to winterkilling of alfalfa are of interest 
here. Publications that have a special bearing on some particular 
phase of the work described in this paper will be mentioned in the 
discussion. 

METHODS 

Although most of the alfalfa plants employed in these experiments 
were of the Kansas Common variety, several other varieties and 
strains were also used. A strain of Kansas Common certified seed 
grown near Manhattan, Kans., was used throughout these experi- 
ments. The seed of the other varieties and strains was supplied by 
H. L. Westover, of the United States Department of Agriculture. 
The plants were grown in the field or in the greenhouse at Manhattan, 
Kans. 


1 Received for publication Feb. 2, 1929; issued August, 1929. Contribution No. 283 from the department 
of botany and plant pathology, Kansas State Agricultural College. ........ , „ , 
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The. freezing point of alfalfa root tissue was determined by the 
thermoelectric method, a 2-junction thermocouple of the needle type 
having been used. The arrangement of apparatus was similar to 
that illustrated and described by Harvey (7). The readings were 
made with a Leeds & Northrup portable galvanometer. Sections of 
alfalfa root tissue about 2 cm. long were used. A hole was made 
in the tissue by means of a dissecting needle, and the needle of the 
thermocouple was inserted firmly in the opening. The tissue remained 
attached to the needle and was suspended in the freezing chamber 
in that manner. The ether surrounding the freezing chamber was 
kept at —9° to —10° C. 

The killing point of alfalfa root tissue was determined by freezing 
the roots for different periods of time at different temperatures and 
under various conditions. 

All the potted plants as well as part of those removed from the soil 
were frozen in the apparatus described by Hill and Salmon ( 10 ). 

The remaining plants were removed from the soil, washed, and placed 
in a small sheet-iron chamber surrounded with ice and salt. After 
being frozen the plants were placed in soil in the greenhouse for 
observation. The potted plants, after being frozen, also were held 
in the greenhouse, and notes were taken frequently regarding their 
condition. In all cases unfrozen plants from the same lot were used 
as controls. Unless otherwise stated, at least 10 plants were included 
in each test, and several different periods of exposure were tried at 
each temperature in order to find the time required to kill the plants. 

EXPERIMENTAL DATA 

FREEZING POINTS OF ALFALFA ROOT TISSUE 

Tests were made to determine the variations in the freezing points 
of alfalfa roots of different diameters, of sections of roots taken at 
the crown and at 10 cm. below it, and of different parts of the same 
cross section of a root. 

In one experiment portions of root tissue from the crowns of 296 
Kansas Common alfalfa plants of various ages (diameters) and 
collected at different times over a period of six months were frozen. 
The roots were gathered at about the same hour each time and while 
held were thoroughly wrapped in newspaper to reduce the loss of water. 
The thermocouple needle was inserted in the center of the cross section 
of the root to a depth of 8 to 10 mm. The results are summarized in 
Table 1. 

Table 1 . — Freezing paints of alfalfa roots determined by the insertion of a 
thermocouple in the centers of cross sections taken near the crowns 


Roots 

frozen 

Diam- 

eter 

Average 

freezing 

point 

Roots 

frozen 

Diam- 

eter 

Average 

freezing 

point 


Milli- 
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Number 

meters 

0 C 

Number 
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° C 

1 

1 

-3.00 

17 

8 

-2. 14 

13 

2 

-2. 78 

17 

9 

-2.09 

31 

3 

-2.48 

23 

10 

-2.26 

42 

4 

-2. 42 

13 

11 

-2. 12 

57 

5 

—2. 12 




43 

6 

-2.09 

296 


•—2.26 

39 

7 

-2.09 
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These data show a low but statistically significant correlation 
(r = 0.215 ± 0.038) between the diameters of the roots at the crowns 
and the depressions of the freezing points. Regression * however, is 
probably nonlinear, as shown by an inspection -of Table 1 and also 
as indicated by the comparative values of the correlation coefficient 
(r) and the correlation ratio ( rj ). (*? = 0.3568 ± 0.051 and 0.5131 

± 0.043; and f = 0.2171 ± 0.1504 and 0.8265 ± 0.3000.) The low cor- 
relation might have been due to the fact that the plants were of 
different ages and were growing under a variety of conditions with 
respect to moisture and temperature. To test this hypothesis, 42 
plants of the same age, growing under the same conditions, were 
frozen. Two sections from each root were used, one from the crown 
and the other from 10 cm. below the crown. The diameters of these 
roots at the crown varied from 2 to 11 mm., and their freezing points 
ranged from —1.5° to —3.2° C. The correlation coefficient (r) for 
the sections taken at the crown was 0.094 ±0.103, and that for those 
10 cm. lower was 0.037 ± 0.104. This extremely low correlation may 
have been due, at least in part, to the small number of samples and to 
the fact that these random samples did not form a normal distribution 
curve. Most of the sections from the*crown were 5 and 6 mm. in 
diameter, while a large part of the lower ones were 3 and 4 mm. 
thick. The remainder were distributed sparingly over a compara- 
tively wide range. Eta was not calculated in these cases because 
of the small number of variables. 

Another phase of this work was a comparison between the freezing 
points of the roots at the crowns and at 10 cm. below them. The 42 
plants under consideration froze at average temperatures of —2.35° C. 
and —2.49° C. at the crowns and at 10 cm. below, respectively. 
The probable errors of these two samples were ±0.025 and ±0.035, 
in the order mentioned. The difference between the averages of the 
freezing points was approximately 3.2 times the difference of their 
probable errors. 

In order to obtain further evidence regarding the relation between 
the freezing points of the roots near the soil surface and at 10 cm. 
below, another experiment was conducted with 52 plants. The 52 
samples taken at the crown froze at an average temperature of 
— 2.34° C., and a like number from 10 cm. below, at —2.51° C. 
The freezing points of the sections from the two parts of the same 
roots varied from 0.1° to 0.3° C. in most cases, although occasionally 
both sections froze at the same temperature or that from the crown 
froze at a temperature slightly lower than the one 10 cm. below. 
The difference between the averages of the freezing points of the 
tissues of the two sets of samples was approximately four times the 
difference of their probable errors. 

These data seem to show that there is a small but significant differ- 
ence between the freezing points of the roots at the crown and 10 cm. 
below it; also that there is a small but statistically significant positive 
correlation between the diameters and the freezing points of the roots. 
The general trend of the two sets of data is similar and in the same 
direction; hence the difference in diameter may account at least in part 
for the variation in the freezing points of the roots at different levels. 

An experiment was made to determine whether the tissue near the 
cambium froze at the same temperature as' that at the center of the 
root. In this test two thermocouples and two galvanometers were 
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used. The thermocouple needles were placed in the same piece of 
root, one in the cambium or in the xylem near it and the other in 
the center. The tissue froze almost simultaneously throughout, as 
indicated by the two galvanometer readings. In only 3 out of 24 
cases did the tissue of or near the cambium freeze at a lower tempera- 
ture than that at the center of the root; in 17 it froze at a higher 
temperature; and in 4 both froze at the same temperature. The 
average freezing point of the tissue of or near the cambium in 24 
roots was —2.11° C., and that at the center of the root was —2.30° C. 
It should be stated that 20 of the roots used were 3 years old and the 
other 4 were 4 months old. However, approximately the same 
relative difference between the freezing points of the tissue at the 
center and that of or near the cambium was maintained in both cases. 

As the freezing points of the tissues in different parts of the roots 
were found to vary slightly, in all subsequent experiments, except in 
cases where the roots were too small, the needle was placed in the 
xylem near the cambium. In a given experiment an effort was made 
to have the roots of as nearly the same diameter as possible. 

FREEZING POINTS OF ROOTS OF DIFFERENT VARIETIES < OF ALFALFA 

Several experiments were conducted in which sections taken from 
the taproots near the crowns of different alfalfa varieties were frozen 
as in previous experiments. It was thought that perhaps some corre- 
lation would be found between the freezing points of the tissues and 
the observed hardiness of the varieties. 

These experiments are summarized in Table 2. The figures 
represent the average of those obtained by freezing 5 to 10 plants. 
Young roots from the fields were frozen on November 12, when they 
were in a nonhardened condition, and again on February 11, when 
they were supposedly more hardened. The soil was frozen on 
February 11 and had been frozen for at least three days prior to that 
date. The air temperature for the same period varied from 30° to 
4° F. (—1.1° to —15.6° C.) and averaged about 20° F. ( — 6.7° C.). 
Although the surface of the soil had been frozen slightly at times 
previous to November 12, it had usually thawed during the day, 
and there was no frost in the soil when the plants were dug. The 
air temperature, although cool at night, had been above freezing for 
several days except on the nights of November 8, 9, and 10, when it 
reached a minimum of 23° F. (-5° C.), 22° F. (-5.6° C.), and 26° F. 

( — 3.3° C.), respectively. On the night of Nbvember 11 the minimum 
air temperature was 39° F. (3.9° C.). 

The data given in Table 2 show that on November 12 the supposedly 
nonhardened plants, with the exception of the Hairy Peruvian, 
froze at lower temperatures than those frozen on February 11. The 
differences in several cases, however, are small and well within the 
limits of experimental error. These figures fail to show a correlation 
between the freezing point and the degree of hardening of the tissues. 
Furthermore, little or no correlation is shown between the freezing 

S oint of the tissue and the known winter hardiness of the varieties. 

>f those plants frozen on February 11, the Hairy Peruvian, which is 
perhaps the least hardy variety included, froze at a temperature 
lower than any of the others except Kansas Common; whereas 
Cossack, a hardy variety, froze at a higher temperature than any 
except Utah. There does seem to be some correlation between the 

* w Variety " as used in this paper includes regional strains. ~ r *' 
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freezing points and the known hardiness of the varieties frozen on 
November 12; for example, Cossack, Kansas Common, and Grimm, 
which are all fairly hardy under Kansas conditions, froze at the low- 
est temperature, while the two Peruvian varieties, which are the least 
hardy, froze at the highest temperature. It is thought that this 
correlation may have been more or less accidental, as it did not 
hold consistently in other trials. 

The average freezing points of 5-year-old roots from the same 
plots growing on the agronomy farm at Manhattan, Kans., on four 
different dates are also listed in Table 2. The figures for September 
1.3-15 show a condition that occurred frequently, namely, that when 
roots were taken from extremely wet soil their freezing point was 
high. Under such conditions there was little undercooling and the 
exact freezing point was often difficult to ascertain. Many of these 
5-year-old roots had been badly frozen during previous winters and 
were decaying, so that sometimes it was difficult to get consistent 
readings. This was especially true on February 3, when the work 
was discontinued although all the varieties were not then frozen. 
In these tests the thermocouple needle was always placed near the 
cambium. The figures in Table *2 sht>w that on September 13-15, 
Kansas Common froze at a lower temperature than any other variety, 
while Italian, a nonhardy variety, ranked second; and, with the 
exception of Cape Lucerne and Argentine, Cossack, a hardy variety, 
froze at the highest temperature. Of the roots frozen September 
19-21, 1926, Grimm, one of the hardiest varieties, froze at the highest 
temperature. Likewise, of the varieties frozen September 26-28, 
with the exception of Spanish, Grimm froze most easily. However, 
Grimm ranks as the hardiest among those varieties frozen on Febru- 
ary 3, when the plants should have been in a hardened condition. 
Obviously, these data fail to show any consistent- correlation between 
hardiness and the freezing point of the root tissue. This confirms the 
conclusions of Steinmetz (1*9), working with alfalfa, as well as those 
of other investigators working with other plants. 

Many interesting data have been published by Wright and Harvey 
( 24 ), Wright and Taylor ( 25 , 26 ), Harvey and Wright ( 8 ), Diehl 
and Wright (5), Wright ( 22 ), Wright and Diehl ( 23 ), and others, 
showing that the freezing and killing points of various fruits and 
vegetables are practically the same. 

The absence of any such correlation between hardiness and the 
freezing point of the alfalfa roots was further shown by an experiment 
conducted on February 10, 1927, in which only plants of the Kansas 
Common variety were used. There were four lots of plants, as fol- 
lows: (1) 10-months-old plants brought from the field into the green- 
house on December 1, 1926; (2) plants of the same lot obtained from the 
field on February 10, 1927; (3) 5-months-old plants growing in large 
pots in the greenhouse; and (4) 5-months-old plants growing in 
large pots outside the greenhouse. The plants in lots 1 and 3 and in lots 
2 and 4 should have been in a nonhardened and a hardened condition, 
respectively. The average freezing points of 10 plants of each lot 
were -3.36°, -3.1°, -2.59°, and -2.65 C. for lots 1, 2, 3, and 4, 
respectively. In this test the nonhardened plants in lot 1 froze at a 
lower temperature than the hardened ones in lot 2, whereas the non- 
hardened plants in lot 3 froze at a higher temperature than the hard- 
ened ones in lot 4. 
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THE KILLING POINTS OF ALFALFA ROOT TISSUE 

The period of exposure which plants from the field will withstand 
varies considerably with their hardiness and with the conditions of 
the environment. For many years efforts have been made by in- 
vestigators to develop a method that will enable them to acquire 
information regarding the conditions that influence the hardiness of 
plants and the effect of environment on the power of plants to 
withstand freezing. Most workers seem ultimately to reach the con- 
clusion that some method of artificial freezing is the most satisfac- 
tory way to make such studies. The writer has frozen many alfalfa 
plants in order to learn something of the period of exposure necessary 
to kill them under different conditions. 

Plants Growing in Pots 

In these experiments some of the plants used were grown in pots 
in the greenhouse and the others were obtained from the field. The 
plants frozen on December 20, 1926, in the last experiment recorded 
in Table 3 had not grown in pots, but were brought from the field and 
set in soil in pots just before they were placed in the freezing chamber. 
In the next to the last experiment listed in Table 3, the plants were 
growing in 12-inch pots and, because of the insulating effect of the 
soil, were able to withstand a much longer exposure to a comparatively 
low temperature. 

Table 3. — Temperatures and exposures necessary to kill Kansas Common alfalfa 

plants of different ages 

[Plants exposed while growing in 8-inch pots except for those frozen December 12, 1926, which were growing 

in 12-inch pots] 


Date of 
freezing 

Source of plants 

; 

Age of 
plants 

• i 

Probable 
state of 
hardening 

Tern] 

Average 

porature | 

Range 

Peiisd of 
exposure 
required 
to kill 
plants 

Feb. 16,1927 

Grown in field 7 months, and 

1 

Months i 
9 

Nonhard- 

°C. 
-20. 5 

°C 

-18 to -22 

Hours 

4 Vi 

Dec. 22, 1926 

brought to greenhouse Dec. 1, 
1926. 

do, 

! 

7K>! 

ened. 

do 

-23 

-21 to -26 

4 to 5 

Jan. 25, 1927 
Feb. 28,1927 

do J 

8 

i do 

-9. 2 

—5 to —18 

7p> 

IT ndeter- 


9 


-6.5 

—5 to -8 

Dec. 10, 1926 

Always grown in greenhouse 

: 

14 

do 

-26. 5 

-23 to -30 

mined. a 

3^ 

Dec. 20,1926 
Jan. 26,1927 
Jan. 25,1927 
Dec. 12,1926 

do - _J 

14 

do 

-23 

-21 to —20 

3H 

¥A 

7H 

24 

do . 

15 


-18. 5 

-5 to -21 .4 

do... _ 

15 



do 

—9.2 

—5 to —18 


8 

do ! 

-20. 5 

-18 to -22 

Dec. 20,1926 

From field at time of freezing 

8 

; 

Hardened . . . 

1 

-23. 5 

-21 to -26 

6 


° Little injury in 8 hours. 


The data presented in Table 3 show that under the conditions of 
these experiments nonhardened alfalfa roots growing in 8-inch pots 
were killed in from 3 % to 7 % hours at average temperatures varying 
from —26.5° to —9.2° C., respectively. Hardened plants from the 
field and nonhardened plants from the greenhouse, both frozen on 
December 20, 1926, withstood approximately the same average tem- 
peratures, namely, —23.5° and —23° C.,/or 6 and 3 % hours, respec- 
tively. The plants from the field showed considerably more resistance 
to cold than did those from the greenhouse; this can be explained 
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only by a variation in the degree of hardening. The nonhardened 
plants in 12-inch pots required freezing for 24 hours at an average 
temperature of —20.5° C. to kill them. Here the difference must 
be attributed to the larger bulk of soil about the roots. 

Plants Removed from the Soil 

Concomitant with the investigations discussed above, tests were 
made to determine the killing point of alfalfa roots when removed 
from the soil. Plants from the greenhouse and from the field were 
used. The former were nonhardened and the latter varied in degree 
of hardening. The degree of hardening of the field plants was esti- 
mated by studying the thermograph records of the temperatures 
covering a period of a few days prior to the time the plants were 
collected. When the temperature ranged from 0° to —20° C. for 
several days before the plants were frozen they were classed as hard- 
ened; when the temperature was above 0° C. for several days they 
were considered nonhardened. Slightly hardened plants were those 
collected after a cold period followed by warm weather for a day or 
two immediately preceding the day the plants were frozen. 

The data presented in Table 4 show that the time necessary to kill 
small plants removed from the soil and frozen varies with the temper- 
ature, with the degree of hardening, and to some extent with the size 
of the roots. The plants grown in 12-inch pots out of doors until 
autumn and then in the greenhouse were killed in from 15 minutes 
to 3 2 A hours at average temperatures of -~5.5° to —20° C., depending 
upon the temperature. The plants which had grown in the field for 
seven months and in the greenhouse from December 1, 1926, to Feb- 
ruary 16, 1927, withstood an average temperature of —20° C. for 
30 minutes, while the plants frozen on the same day and at the same 
temperature, recorded as the first line of Table 4, were killed in 15 
minutes. The only difference that could be detected between these 
two lots of plants was in the diameters of their roots. The roots of 
the plants that withstood exposure for 30 minutes were twice as 
thick as those that were killed in 15 minutes. This difference was due 
to the fact that the former had grown in rows in the field for seven 
months, while the latter, although of about the same age, had grown 
in pots. 

Plants taken from the field and considered to be hardened were 
frozen on December 22, 1926. These withstood an average tempera- 
ture of —23.5° C. for three and one-half hours, which was a con- 
siderably longer time at a lower temperature than that endured by 
those of the same lot frozen on March 18 or February 16, 1927. 
March 18 and February 16 were preceded by two weeks and two 
days of warm weather, respectively, while December 22 followed a 
rather protracted cold period. 

The effect of hardening is shown also in the results of freezing plants 
from seed sown broadcast in the autumn. These plants were fairly 
small, the taproots near the crowns measuring from 2 to 5 mm. in 
diameter. Two lots of these plants frozen on March 18 at tempera- 
tures of — 17° and — 18,5° C. were killed in 15 minutes. Another 
sEghtly hardened lot frozen on February 28 withstood an average 
temperature of -5° C. for five and one-fourth hours. On the other 
hand, the slightly hardened plants frozen on February 16 were killed 
m 30 minutes at —21° 0. 
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Table 4. -Temperatures and lengths of exposure necessary to kill young Kansas 
Common alfalfa plants of different degrees of hardening 


[Plants removed from the soil and placed in the freezing chamber at the recorded temperatures] 


Date of 
freezing 


Age of 
plants 

Months 

Probable 

Temperature 

Source of plants 

degree of 
hardening 

Average 

T. 

Range 

°c 

Feb. 10,1927 

Grown in 12-inch pots 
out of doors until au- 
tumn, then moved 
into greenhouse. 

8 

m 

Nonharden- 

ed. 

-20 

-19 

to -21 

Mar. 21, 1927 

do 

9 

;> 

do 

-18. 0 

-18.2 

to -19 

Feb. 25,1927 

do 

do 

-15.0 

-15.2 

to -10 

Feb. 28, 1927 

. . do ... 

8 

do... 

-5. 5 

— 5 

to -0 

Feb. 10,1927 

Grown in field seven 
mont hs; transferred to 
greenhouse Dec. 1, 1920. 

Grown from spring seed- 
ing; sown in rows in 
field. 

9 

do _ 

-20 

-19 

to -21 

Mar. 18, 1927 

11 

do. 

-17 



Feb. 10,1927 

do 

' 10 

! 

S 1 i g h 1. 1 y 
hardened. 

-20. 2 

-19 

to -21.5 

Dec. 22, 1920 

do 1 

8 

1 1 ardened . _ 

-23. 5 

-21 

to —20 

Mar. 18, 1927 

Grown from seed sown 
broadcast in autumn 
in field. 


N o n h a r d- 
ened. 

-17 



Do 

. .. . do _ 

7 

do t5< . 

-18. 5 



Feb. 10, 1927 

do 

0 

Slight! y 
hardened. 

-21 



Feb. 28, 1927 

. .do j 

« 

.do. 

-5 

; -t 

to -8 


Period of ex- 
posure re- 
quired to 
kill plants 


15 minutes. 


25 minutes. 
50 minutes. 
V/> hours. 

50 minutes. 


50 minutes. 


1J-4 hours. 

3U hours. 

15 minutes. 


Do. 

30 minutes. 
5 ' 4 hours. 


The data presented in Tables 3 and 4 show that plants from the 
field varied in hardiness during the winter months. This variation 
in the time the plants endured a given temperature without being 
killed is correlated with the temperature to which they were exposed 
before they were frozen. Plants collected during a cold period were 
not so easily killed as those collected after a few warm days. 

These data also show that the insulating power of the soil is ail 
important factor in protecting the roots from freezing, since non- 
hardened plants removed from the soil before being frozen often were 
killed in 15 minutes, whereas they withstood the same temperature 
for three and one-half hours or longer when growing in soil in 8-inch 
pots. 

A few tests were made during the winter of 1927^28 to determine 
the comparative hardiness of field and greenhouse plants. The 
plants were removed from the soil, washed, fixed between 12-inch pot 
labels in such a way that every other plant belonged to each lot being 
tested, and then placed top down in the freezing chamber cooled with 
ice and salt. The plants used were of the same age, but those from 
the greenhouse were larger, since they had continued to grow after 
those from the field had ceased to grow because of the low temperature. 
The field plants used in the experiments conducted on November 11 
and January 10 were found to be no hardier than those from the green- 
house. However, on January 17 and 25 the former were less severely 
injured at a given temperature than the latter. On February 9 the 
difference in hardiness between the two sets of plants was very slight. 

Less striking differences were obtained between the hardened and 
nonhardened plants in these experiments than in those recorded in 
Table 4. The differences probably would have been more pro- 
nounced, however, if the greenhouse plants had not been larger than 
those from the field. 
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FACTORS AFFECTING THE FREEZING OF ALFALFA ROOTS 

Diameter of Root 

Certain factors other than the hardiness of the plants must be 
taken into account in studying the freezing of alfalfa roots. For 
example, other things being equal, large roots usually require a longer 
time to freeze, as indicated by thermocouple tests, and also with- 
stand a longer exposure at a given temperature without being killed, 
than do smaller roots. When not properly insulated, the small ends 
of the taproots of both hardened and nonhardened plants are killed 
first when subjected to experimental freezing. This seldom happens 
in the field, for there the cold can reach the roots only from above. 
Figure 1 shows two plants with the lower ends of the taproots killed 
by freezing. These plants grew in a 12-inch pot placed outside the 
greenhouse during the winter. A number of plants near the margin 
where they were not so well protected with soil showed this condi- 
tion. Roots of alfalfa plants removed from the soil and then plunged 
into a freezing chamber often died from below upwards in this man- 
ner, so that plants whose crowns were apparently uninjured eventually 
died. There is another possible explanation of the freezing of alfalfa 
roots from below under certain conditions, namely, that the lower 
part of the root which is not subjected to such low temperatures dur- 
ing the hardening period is not so hardy as the upper part. In order 
to avoid this type of injury a freezing chamber which was open at the 
top was devised, and the plants were placed in it with the tops down. 
In this way the tops and upper parts of the taproots were exposed to 
the lowest temperature. This type of freezing chamber was used 
almost exclusively during 1927-28. 

Rate of Thawing 

Still another factor which is thought by many to influence the 
killing of plants by freezing is the rate of thawing. No detailed study 
of this factor was made, but it was tested to some extent with respect 
to alfalfa by freezing young plants of the Kansas Common and 
Grimm varieties growing in pots at different temperatures and for 
different lengths of time. About 1,600 plants in all were used. 
One half of these were frozen and then thawed quickly in a warm 
greenhouse, while the other half were wrapped in felt, covered with 
sawdust, and kept in a cool basement for 24 hours or longer. Sub- 
sequently both lots were treated alike. No difference in the amount 
of killing was evident in any case. This does not prove that the rate 
of thawing is never a factor in winterkilling, but it does indicate that 
rapid thawing does not necessarily cause a greater amount of injury. 

Root Reserves 

A correlation between the amount of root reserves and the longevity 
of alfalfa stands has been observed by a number of agronomists. 
This has received special attention in recent years in Wisconsin 
( 6, 12* 15) and in Minnesota (.19). However, these workers 
do not seem actually to have demonstrated that alfalfa plants with 
low carbohydrate root reserves freeze more easily than similar plants 
with an abundance of such reserves. In order to obtain some definite 
information on this point the following experiment was conducted: 
Nine 8-inch pots in which were growing about ten 5-months-old 
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Figure 1 . — Two'alfalfa plants with the lower parts of their roots killed by freezing. They grew in a 
12-lnch pot outside the greenhouse during the winter. A number of plants near the margins of 
the pots where they were not well protected by soil were affected in this manner 
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Kansas Common alfalfa plants were held in the greenhouse in a box 
covered with heavy black threaded felt. This was shaded with 
newspaper to prevent the temperature from becoming too high. The 
plants were thus deprived of light but were provided with moisture 
and a temperature somewhat comparable, although probably slightly 
higher at times, than that to which the control plants were subjected. 
The control consisted of an equal number of pots from the same lot 
held near the box but left uncovered. The plants were placed in the 
box on January 24, 1928. 

On January 31, when the first pots were removed from the box, 
the leaves had lost perhaps 75 per cent of their chlorophyll. The 
plants were removed from the pots, the tops cut off about 2 inches 
from the crowns, and the roots trimmed so as to leave taproots 
about 6 inches in length. These plants, together with those from the 
control pots treated in a similar manner, were placed tops down in the 
freezing chamber. Three lots of five plants each were frozen for 10, 
15, and 20 minutes at temperatures of — 5° to — 6° C., — 6° to — 8° C., 
and —9° to —10° C., respectively, after which they were planted in 
a bed in the greenhouse. The plants frozen for 10 and 15 minutes 
were injured, but little or no difference was evident between those 
that had been deprived of light and the controls. However, plants 
frozen 20 minutes showed injury estimated at 75 per cent, as compared 
with 66 per cent for the controls. 

In like manner plants from both sets of pots were frozen on Feb- 
ruary 9, and those that had been held in the dark were more severely 
injured than the controls. On this date the original top growth was 
about dead and new white shoots were being produced. 

A third freezing was made on February 17, at which time the 
original tops of the plants held in the dark were dead and the new 
white shoots were 6 inches long. Plants of both lots were frozen for 
15 minutes at temperatures ranging from — 4.5° to — 9° C. The control 
plants all lived, although two were weakened considerably, while all 
but two of the plants from the dark died. All plants of each lot 
treated in exactly the same way as the others except that they were 
not frozen grew well, A photograph of a pot from the box and a 
control pot taken March 3 is shown in Figure 2, A. The remaining 
plants were frozen on March 4, and those which had been deprived 
of light were much more severely injured than the controls. 

This single experiment, although conducted on a very limited scale 
and with nonhardened plants, indicates that plants lacking root re- 
serves are killed more easily by freezing than those with abundant 
root reserves. Judging from the data presented by other investi- 
gators (#, #), the carbohydrate root reserves in the plants held in 
the dark in the writer's experiment probably were not entirely de- 
pleted even at the end of the experiment. However, a study of cross 
sections of some of the roots showed that the starch was entirely 
gone in plants deprived of light (fig. 2, C) and that it was very abun- 
dant in the control plants (fig. 2, B). No analyses were made to 
determine whether or not sugar was present in the former lot of plants. 
Since roots whose carbohydrate reserves were reduced by being 
deprived of light froze more easily than the controls, it seems prob- 
able that plants whose root reserves have been decreased by too 
frequent cuttings will likewise freeze more easily than plants with 
abundant root reserves. 
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* SH* T wp pots of Kansas pommon alfalfa plants of the same age. One pot (a) had grown 
continuous^ in the greenhouse, while the other (6) had been deprived of light by being inclosed 
we eturli 1 '? pa K Per V Th « ori F“ a j tops the plants in b died, and new white shoots 
7 * "fhfSPlSVt Su< i h ? lant ^ when transplanted to a bed in the greenhouse grew practically as well 
thi ?» Ct T s !^ i0 u U °I on u, of , the , r00ts iD the «»«*& ppt in A, a. showing 
KfJ?»2t fllle u sta^h as denoted by the black color. The starch was stained with iodine 
shni S? Photographed. X about 8. C, Cross section of one of the plants held in the dark box, 
82X2? *1!* comple tf absence of starch. Plants deprived of light were more easily killed by 
ireezing than were plants grown in the light, x about 8. * 
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Environmental Conditions 


SOIL MOISTURE 


The moisture content of the soil markedly influences the resistance 
of potted plants to freezing injury. Hill and Salmon (10) found that 
when wheat plants growing in dry soil were frozen under artificial 
conditions, they were injured much more severely than similar plants 
growing in wet soil. This difference they attributed to the high specific 
heat of water, which in a wet soil prevents a rapid change in tempera- 
ture with the result 
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that plants in dry soil 
are exposed to a lower 
temperature than 
those in wet soil. 

The extent to which 
the moisture may in- 
fluence the lowering of 
the temperature of the 
soil was illustrated in 
an experiment con- 
ducted by the writer 
in which two 8-inch 
pots, one with wet and 
the other with dry soil, 
were placed near each 
other in a freezing 
chamber. A ther- 
mometer was placed in 
the soil in the center 
of each pot, and fre- 
quent readings were 
made. The tempera- 
ture of the wet soil 
dropped to 0° C. in 
1 % hours. In another 
50 minutes it reached 
— 2° C., and it remain- 
ed at that temperature 
throughout the experi- 
ment, or for about 2% hours longer. On the other hand, the dry soil 
required 2 % hours to reach 0° C., where it remained for 1 % hours, 
and then dropped to —8° C. in 65 minutes. Hence the temperature 
m the wet soil reached —2° C. while that in the diy soil reached —8° 
.approximately 5% hours. The complete aata are presented 
graphically in Figure 3. These results simply show what happened 
in one instance \ the effect of moisture would of course vary with the 
amount of water in the soil and perhaps with other factors. 

Four 8-inch pots with plants growing in them were placed in the 
freezing chamber with* those described above. The soil in two of the 
pots was wet and that in the other two dry. Two pots, one with wet 
and one with dry soil, were removed after 4K and 5% hours, respec- 
tively. The plants in the wet soil in the pot removed after 4% hours 
were uninjured, while those in the dry soil were all dead. The plants 


Figure 3— Comparative rate of item porature fall in .'wet and dry 
soil contained in 8-inch pots and placed in a freezing chamber 
which had an original temperature near 0° C., but which was 
lowered rapidly to— 10° C. and more slowly to - 16°C. 
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in the dry soil in the pot removed after 5% hours were also dead, 
while only 3 of the 10 plants in the wet soil succumbed. The other 
7 plants in the wet soil withstood an exposure of 5% hours to a tem- 
perature that killed all the plants in the dry soil in less than 4% hours. 
The temperature of the air in the freezing chamber during this test 
ranged from 4-1° to —16° C. It reached —9° C. in the first half 
hour and then went down gradually throughout the experiment. 
This experiment shows how great an error may be made in inter- 
preting the results of freezing^ pi ants under experimental conditions 
if the soil moisture is not taken strictly into account. No doubt soil 
texture with its varying water-holding capacity may also influence 
the results of experimental freezing tests. 

AIR AND SOIL TEMPERATURES 

Steinmetz {19) states that in Minnesota plants brought from the 
field in January gave no marked evidence of having been killed 
during the winter. According to his observations, dead plants first 
appear at the time of the spring thaw in March. He states that 
“it may well be questioned whether repeated freezing and thawing 
occurs under natural conditions in the $pil.” No doubt he refers to 
Minnesota conditions, for the soil may freeze and thaw several times 
during a winter in Kansas. Plants killed by freezing have been 
seen in Kansas in January and February, and plants badly injured 
have been found in December. On February 24, 1927, the roots of 
some nonhardy strains of alfalfa were observed to be entirely softened 
and disintegrating, having, no doubt, been dead for some time. 

Different varieties of alfalfa, including Kansas Common and 
Grimm, growing in the field showed considerable injury on Decem- 
ber 12, 1927, following a drop in the air temperature, as recorded by 
the thermograph, to —9° F. (—22.8° C.) and the temperature of 
the soil 2 inches below the surface of 24° F. ( — 4.4° C.). Frequentty 
serious injury to alfalfa plants is overlooked for a time unless a 
microscopic study of sections of the root is made. Usually alfalfa 
in Kansas is not protected by snow during cold periods, as it is in 
some more Northern States. Although some heaving of the roots 
occurs, the most serious effects of freezing in this State and in some 
other States in which observations have been made seem to be the 
injury produced in the crown and in the upper part of the taproot. 
The condition of roots badly injured by freezing has been described 
in detail by the writer {20) 6 and by Jones {11). These injuries often 
so greatly reduce the amount of active tissue that the plant makes 
little growth and eventually succumbs. These injuries also appear 
to provide avenues through which microorganisms, especially Aplano - 
bacter insidiosum L. McC., may enter and hasten the death of the plant. 

As has been stated, the injury to alfalfa plants from freezing is 
largely limited to the upper part of the taproot and crown. This is 
due to the fact that the part of the root lower down is protected by 
the soil. In order to learn more about the rate of temperature fall 
of the root as compared with that of the air, the following experiment 
was conducted. A pot in which young alfalfa plants were growing 
was placed in the freezing chamber. A thermometer was placed in 
the soil near one of the plants just deep enough to cover the bulb, 

1 Weimrr, j. L. injuries or ALFALFA roois resultino FROM freezino. [Unpublished manuscript.) 

51641—29 4 
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and a thermocouple needle was inserted into the crown of the plant 
about 1 cm. above the surface of the soil. A record of the tempera- 
ture falls in the soil, in the air, and in the plant was kept. These 
are shown graphically in Figure 4. These data show that the soil 
temperature lagged behind the air temperature several degrees until 
the former reached 0° C., after which it cooled more rapidly, being 
only 8 degrees higher than the air temperature at the termination of 
the experiment. The temperature of the plant took up an intermedi- 
ate position between that of the air and of the soil. This experiment in- 
dicates that the tem- 



Figure 4, -Comparative rule of temperature fall of the soil in an 
8-ineh pot, of the plant growing in the pot (the record being taken 
1 cm. above the soil), and of the surrounding air. The tempera- 
tures of the plant and of the soil were originally the same, but by 
the time the first record was made the plant had cooled down to 
near the air temperature 


perature of the alfalfa 
roots at or slightly 
above the surface of 
the soil may drop 
much more slowly 
than the air tempera- 
ture and under some- 
conditions may not 
reach a temperature 
as low as that of the 
air for a long time. 

Further informa- 
tion regarding the 
reason why alfalfa 
roots freeze only near 
the surface of the soil 
is obtained by an ex- 
amination of "thermo- 
graph records kept at 
Manhattan, Kans., 
since 1926. The soil 
temperature was ta- 
ken at a depth of 2 
inches. The mini- 
mum air and soil 
temperatures for the 
coldest periods of the 
winters 1926-27 and 
1927-28 are recorded 
in Table 5. There 


were two cold periods 

in the winter of 1926-27, one in December and the other in January. 
The air temperature in December, 1926, did not go much below 0° F. 
(—17.8° C.), but the soil temperatures on December 15 and 16 were 
comparatively low. The air temperature dropped to -14.5° F. 
( — 25.8° C.) on January 15, 1927, but the soil temperature went down 
only to 25.5° F. ( — 3.6° C.) owing to a thin covering of snow. There 
were three comparatively cold periods during the winter of 1927-28, 
two in December and one beginning on December 31 and extending 
into January. The first decided drop in temperature came on De- 
cember 7 and 8, when the air temperatures reached 0° and -9° F. 
(— 17.8°_and —22.8° C.), respectively. As this cold period was of 
rather short duration, the soil temperatures did not go very low. 
However, a histological study of plants from thereto showed that 
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even in the more hardy varieties some splitting along the rays had 
taken place, while the nonhardy varieties were badly injured. The 
next cold period, which extended from December 16 to 23, was the 
most severe, and it seems probable that much of the winterkilling of 
that season occurred during this time. The minimum air tem- 
perature did not go below 0° F. (—17.8° C.) except on two nights 
during this period, although it approached 0° F. on six of the eight 
nights. The soil temperature* went lower at this time than at any 
other time during the two years. This may have been due to one 
of two factors, or to a combination of the two, namely, the duration 
of the cold period or the dryness of the soil. Only 0.09 inch of rain 
fell in November and 0.57 inch of rain and 0.07 inch of snow fell in 
December, 1927, according to the weather records for Manhattan, 
Kans. It should be noted also that the air temperatures did not go 
so low as in January, 1927. 

Table 5. — Minimum, air and soil temperatures at Manhattan , Kans., during the 
coldest periods of the winters of 1926 2? and, 1927- 28 


Date 


Dec. 13, 1926. 
Dec. 14. 1926. 
Dec. 15, 1920. 
Dec. 16, 1926. 
Jan. 14, 1927 _ 
Jan. 15, 1927. 
Dec. 7, 1927- 
Dec. 8, 1927- 
Dec. 16, 1927. 
Dec. 17, 1927. 
Dec. 18, 1927. 
Dec. 19, 1927. 
Dec. 20, 1927. 
Dec. 21, 1927. 
Dec. 22, 1927. 
Dec. 23, 1927. 
Dec. 31, 1927. 
Jan. 1, 1928.. 
Jan. 2, 1928.. 
Jan. 3. 1928. . 
Jan. 4, 1928.. 
Jan. 5, 1928.. 



Minimum 


Minimum 
air tem- 
perature 

soil tein- 
pefiHure 

2 inches 
below 

Itcmarks 


surface 


°F. 

°F. 


+4 

+25 

No snow. 

0 

+20 

Do. 

-2 

+ 17 

Do. 

+7 

+ 18 

Do. 

0 

+26 

Some snow on ground. 

-14. 5 

+25. 5 

Do. 

0 

+ 24 

No snow; soil very dry. 

-9 

+ 24 

Do. 

+2 

420 

Do. 

+ 12 

+20 

Do. 

0 

+ 17 

Do. 

-2 

+16 

Do. 

; -2 j 

+ 14 

Do. 

41 

+ 15 

Do. 

+ 14 

+20 

Do. 

+ 1 

+ 15 

Do. 

-10 

+ 22 

Thin layer of snow on ground. 

-12 

+ 19 

Do. 

-8 

+20 

Do. 

-16 

+ 18 

Do. 

-2. 5 

+ 19 

Do. 

+8 

+20 

Do. 


The final cold period for the winter of 1927-28 began December 31, 
1927, and lasted until January 5, 1928. The air temperatures during 
this period were the lowest experienced during the two years, but the 
plants were protected somewhat by a thin layer of snow, which kept 
the soil temperature from going as low as it had done previously. 
The data in Table 5 show that the temperature of the soil at a depth 
of 2 inches remained very much higher than that of the air during 
the coldest periods experienced at Manhattan in the two winters 
during which records have been kept. An examination of alfalfa 
plants of different varieties showed that on January 14 India was 
entirely killed and several other varieties such as Arizona, South 
African, Spanish, Smooth Peruvian, and Hairy Peruvian were severely 
injured. More or less splitting of the rays or other parts of the roots 
was seen in most of the varieties studied- When growth began in 
the spring, however, only those varieties listed above showed much 
winterkilling. It should be added that there was only a moderate 
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amount of winterkilling at Manhattan during the winter of 1926-27 
and also during the following winter. 

Bound Water as a Measure op Cold Resistance 

Rosa (18) and Lott (13) have used the dilatometer method for 
determining the amount of nonfreezable water in plant tissue. Both 
report having found a correlation between the amount of non- 
freezable or bound water and the hardiness of the tissues with which 
they worked. Steinmetz (19), using a method described by Newton 
and Gortner (17), found no correlation between the bound water and 
winter hardiness in alfalfa plants. 

Following the method described by Rosa and Lott, the writer tested 
a number of alfalfa roots of different varieties in the fall and again 
in the following February. The plants were all from a plot in which 
the different varieties were growing in rows. The soil was fairly 
uniform in texture and in drainage. When an experiment was begun 
the plants were brought to the laboratory, washed, dried, cut into 
thin sbces, and 10-gm. samples weighed into fared weighing bottles. 
The tissue was covered with petroleum ether in tightly stoppered 
bottles and held in the ice box until needed, which was usually not 
longer than 24 hours. Preliminary tests indicated that the amount 
of bound water in the samples did not change when held under these 
conditions for several hours. In most cases all the samples of a series 
were collected and prepared for use at the same time. However, 
in one experiment the samples were collected and tested on the same 
day. A composite sample of 10 to 15 plants was used in each case. 
The dilatometer was immersed in a salt and ice bath held at about 
— 5° C. Difficulty was experienced in inoculating all the samples 
at the same temperature. Usually the nonhardy varieties became 
inoculated at about —2° C. The writer discovered no way which 
would consistently start the formation of ice crystals in some of the 
more hardy samples until they had cooled one-half degree or more. 
This did not always happen, but when it did sometimes a larger 
amount of water froze than in the nonhardy varieties. At other 
times, however, only a small amount of water froze, even in samples 
which did not become inoculated until a temperature of -3° C. was 
reached. 

An examination of Table 6 shows that the hardened plants had a 
slightly higher water content than the nonhardened ones with the 
exception of Grimm, Kansas Common, and Spanish. In every case, 
however, more of the water in the nonhardened plants froze, leaving 
a smaller amount of unfrozen or bound water. There appears to be, 
therefore, a correlation between the bound water and the state of 
hardening of the plants when the two separate groups of plants are 
considered. However, when the individual varieties within the 
groups are compared no such correlation can be seen. Of course, no 
correlation was expected in the nonhardened group. It scarcely 
seems probable that the plants frozen in February were not hardened, 
as they were taken from soil frozen 2 inches or more in depth It 
must be admitted, however, that little is known as yet regarding the 
actual tune required for the hardening of alfalfa roots. The 
varieties shown in Table 6 are so arranged that the more hardy 
appear toward the top and the least hardy lower down. The least 
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hardy group comprises the five varieties listed last in the table. 
Hardigan, Cossack, and Grimm are usually considered among the 
most hardy. The remaining varieties may be considered as inter- 
mediate, although some of them are also rather hardy. Of those 
frozen in February, Grimm, of the hardy group, contained the 
highest percentage of bound water, while Spanish, Smooth Peruvian, 
and nonhardy varieties ranked next. On the other hand, Cossack, 
a hardy variety, had the least bound water. Hardiness in these 
experiments is not necessarily correlated with low moisture content, 
for, as pointed out, the plants of the hardened series contained slightly 
more water than the others. On the other hand, Lott (13) found 
that raspberry plants having a lower moisture content also had a 
higher percentage of bound w T ater. Rosa (18) likewise obtained an 
increase in bound water with a decrease in the water content of the 
tissue. 

Table 6 . — Quantity and state 0 / the water in 10-gram samples of different varieties 
of alfalfa, when hardened and nonhardened 


[Hardened plants frozen February, 1928; nonhardened ones September, 1927] 


Variety 


Hardened 



Nonhardened 


Dry 

weight 

Total 

water 

Freez- 

able 

water 

Bound 

water 

Per- 

centage 

of 

bound 

water 

Dry 

weight 

Total 

water 

Freez- 

able 

water 

Bound 

water 

Per- 

centage 

of 

bound 

water 


Grams 

Grams 

Grams 

Grams 


Grams 

Grams 

Grams 

Grams 


Hardigan 

3. 070 

6. 930 

1.5 

5. 430 

78. 354 

3.488 

0.512 

2.9 

3.012 

55. 400 

Cossack 

2. 970 

7. 030 

2.8 

4. 230 

00. 170 

3. 121 

0. 879 

3. 0 

3. 279 

47. 006 

Grimm 

2. 837 

7. 103 

1.0 

0. 103 

80. 039 

2. 809 

7. 191 

3.4 

3. 791 

52. 718 

Lebeau 

2. 788 

7. 212 

1.4 

5.812 

80.587 

2. 807 

7. 193 

3. 75 

3. 443 

47. 865 

Turkestan 

1. 720 

8. 274 

1. 5 

6. 774 

81. 870 





i 

Kansas Common ... 

2. 755 

7. 245 

1.8 

j 5. 445 

75. 155 

2. 375 

7. 025 j 

4.0 

3. 025 

47. 540 

Dakota 

2. 708 

7. 232 

1. 7 

i 5.532 

70. 493 

2.843 

7. 157 

3.8 

3. 357 

40. 905 

Utah 

2. 944 

7. 050 

1.4 

j 5. 050 

80. 1.58 

3.022 

0.978 

3.2 

3. 778 

54. 141 

Argentine 

2. 758 

7. 242 

1.0 

5. 042 

77.900 

2. 795 

7. 205 

4. 1 

3. 105 

43. 005 

Italian 

2. 799 

7. 201 

2.3 

4.901 

08. 059 

2.959 

7.041 

3. 5 

3. ,541 

50. 291 

Spanish 

2.022 

7.378 

1.3 

0. 078 

82.380 

2.327 

7. 073 

4. 15 

3. 523 

45.914 

South African 

2.930 

7.070 

1. 7 

5.370 

75.954 

3. 503 

0. 497 

3. 3 j 

3. 197 

49. 207 

Smooth Peruvian . . 

3.003 | 

0.997 

1.1 

5.897 1 

84.278 

3. 185 

0. 815 

3. 15 

3.005 

.53. 778 

Hairy Peruvian, 

2.930 | 

| 7.004 

2.05 

5.014 

70.979 

2.992 

7.008 

3. 1 

3.908 j 

55. 704 


CONCLUSIONS 


It may be concluded from the results of these investigations that 
there is no correlation between the freezing point of alfalfa root tissue 
when in a hardened condition and its known winter hardiness. The 
freezing point of roots in a nonhardened condition is often lower than 
that of hardened roots. Likewise, the freezing point of the root 
tissue of nonhardy alfalfa varieties is frequently lower than that of 
hardy varieties under apparently the same conditions. 

It is possible to distinguish between plants in a hardened and in a 
nonhardened condition by freezing the roots of plants growing in pots 
or by removing the roots from the soil and freezing them. 

The amount of bound water in the tissue of hardened and non- 
hardened alfalfa roots may serve as a measure of their degree of 
hardening, but it does not necessarily differentiate between hardy 
and nonhardy varieties. 

SUMMARY 

The freezing point of alfalfa root tissup was determined by the 
thermoelectric method. In these tests there was little correlation 
between the freezing points and the diameters of the roots. 
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There was a slight correlation between the freezing points of sec- 
tions of alfalfa taproots taken near the crown and similar sections 
taken 10 cm. below. 

The average freezing point of root tissue in or near the cambium 
was —2.11° (J., while that of the center of the root was —2.3° C. 

No correlation was found to exist between the freezing point and 
the known hardiness of the root tissue of different varieties of alfalfa. 

Alfalfa roots under the conditions of these experiments when 
growing in 8-inch pots were killed in 3 l /% to 5 hours at temperatures 
ranging from "20° to —25° C. and withstood average temperatures 
of —6.5° to - 9.2° C. for more than 7 hours. Hardened plants from 
the field and nonhardened plants from the greenhouse withstood 
temperatures of —21° to —26° C. for 6 and 33^ hours, respectively. 

Many roots were removed from the soil before they were exposed 
to freezing temperatures. When this was done, small nonhardened 
roots were killed in 15 minutes at temperatures from 17° to — 20° C., 
while larger roots withstood these temperatures twice as long. The 
time of exposure necessary to kill roots of small plants varied from 
15 minutes to 3J4 hours, depending upon the temperature to which 
they were exposed. The period during which field plants endured 
temperatures of —17° C. and -23.5° C. (range —21° to —26° C.) 
varied from 50 minutes to 3j^ hours, depending upon their degree of 
hardening. 

The amount of cold which alfalfa roots can withstand depends 
upon their hardiness, the amount of insulation afforded by the 
substratum in which they are embedded, soil moisture, and other 
factors. 

Roots of nonhardened plants with abundant carbohydrate reserves 
freeze less easily than roots of plants that have been deprived of light 
for some time. Presumably this difference is due to a change in the 
physiological condition of the cells brought about by a lack of root 
reserves. 

It is shown by using the dilatometer method that a correlation 
existed between the amount of bound water and cold resistance of 
hardened and nonhardened plants. A similar correlation with respect 
to the known hardiness of different varieties, however, was not 
evident. 
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RELATION OF TEMPERATURE OF FERMENTATION TO 
QUALITY OF SAUERKRAUT 1 


By E. A. Marten, W. H. Peterson and E. B. Fred, Departments of Agricultural 

Chemistry and Agricultural Bacteriology , University of Wisconsin , and W. E. 

Vaughn, Research Department , American Can Co . 2 

INTRODUCTION 

The importance of temperature control in sauerkraut manufacture 
is becoming better appreciated in factory practice, but until now only 
cursory observations, rather than accurate measurements under well- 
regulated conditions, have been made. Since the temperature of 
cabbage as it comes into the factory may vary from as high as 85° 
to as low as 32° F., depending upon weather conditions, temperature 
control has been adopted in many factories. Great differences of 
opinion exist among sauerkraut packers, however, as to the best tem- 
perature at which to carry out the fermentation. Some prefer to 
operate at a temperature of 70° to 80°, while others let the temperature 
fall as low as 50°. The higher temperature has the advantage of 
inducing a rapid formation of acid, but this is offset by a tendency 
to produce soft and pink sauerkraut. For this reason a temperature 
must be selected which gives a rapid fermentation without sacrificing 
the quality of the product. 

REVIEW OF LITERATURE 

The literature on the relation of temperature to sauerkraut fermen- 
tation is both meager and conflicting. Wehmer 3 recommends a 
temperature of 40° F. Henneberg 4 suggests that 68° to 77° be 
employed at the start and 50° to 59° during the later stages of the 
fermentation. Fabian 6 recommends that the fermentation be carried 
out at 80° in order to give a product of pleasant taste and aroma. 
LeFevre 6 reports that sauerkraut can be made in from six to eight 
days by employing a temperature of 80°. The present authors have 
never been able to make sauerkraut of good quality at this temper- 
ature. It was possible to obtain a sufficiently high acid concen- 
tration in a short time at this temperature, but the product still 
possessed the characteristic odor and flavor of raw, sour cabbage 
rather than that of sauerkraut. At elevated temperatures (75° to 
80°) there is also serious danger of producing soft and slimy sauerkraut 
and at times pink sauerkraut. In a previous study of the relation 

1 Received for publication Mar. 9 , 1929 , issued August, 1929 . Published with the permission of the 
director of the Wisconsin Agricultural Experiment Station. 

• The authors are greatly indebted to the Frank Pure Food Co., Franksville, Wis., for their cooperation 
in this work. 

3 Wehmer, C. die sauerkrautgaruno. Centbl. Bakt. [etc.] (11)10: [625]-629. 1903. 

* Hennebero, W. das sauerkraut (sauerkoiil). 89 p. illus. Inst. G&rungsgewerbe, Berlin. 1916. 
[Reprint from Deut. Essigindustrie Jahrg. 20: [133]-136, [141]-144, 152-155, 160-161, 166-170, 176-177, 184- 
185, 192-194, 199-202, 207-209, 215-216, 223-225, illus. 1916.] 

4 Fabian, F. W. the science of making sauerkraut, care needed to exclude undesirable 
BACTERIA FROM KRAUT-HOME-MADE STARTER MAY BE USED, Mich. Agr. Expt. Sta. Quart. Bui. 9: 
50-51. 1926. [Also Market Growers' Jour. 41: 639. 1927.] 

4 LeFevre, E. the commercial production of sauerkraut. U. S. Dept. Agr. Circ. 35, 30 p., 
illus. 1928. 


Journal of Agricultural Research, 
Washington, D. C. 


(285) 


Vol. 39, No. 4 
Aug. 15, 1929 
Key No. Wis.-46 



286 


Journal of Agricultural Research 


Vol. 39, No. 4 


of temperatures to commercial sauerkraut production, it was reported 7 
that the best sauerkraut was produced when temperatures between 
55° and 65° existed in the vat. The experiments recorded in this 
paper are a continuation and extension of the previous work, and the 
results now presented substantially confirm it as to the best tem- 
peratures at which to produce sauerkraut. 

EXPERIMENTAL METHODS 
LABORATORY EXPERIMENTS 

The sauerkraut was made either in 10-gallon stone jars or in 45- 
gallon barrels. Early Copenhagen and All Seasons cabbage were 
used. Sixty pounds of cabbage were packed in the jars and 300 
pounds in the barrels. Two and one-half per cent of salt was used 
in all cases. The following three ranges of temperature were studied: 
- 1.0° to 50°, 55° to 00°, and 70° F. 

The fermentations at 70° F. were carried out in a greenhouse where 
the temperature was maintained by means of thermostat control. 
The fermentations at 55° to 60° were conducted in a basement, the 
temperature being regulated by means of steam heat and air circula- 
tion. The low-temperature fermentations, — 10° to 50°, were made 
in barrels placed outside of the building where they remained from 
December to March. 


Table 1 . — The effect of fermentation temperature on the quality of sauerkraut 


Sample No. 

Size of container 

Tempera- 
ture of fer- 
mentation 

Age of 
sauer- 
kraut 

Final 

acidity 

tas 

lactic 

acid 

Quality 

1___ 

10-gallon jar 

° F 

00 

Days 

43 

Per cent 
1. 98 


2 

... -.do 

00 

43 

1.92 

Do. 

3 

do ... 

70 

43 1 

2. 02 

Fair. 

4 

. ...do 

70 

43 i 

1.91 

Do. 

ft ... . 

45-gallon barrel. 

! —10 to 50 
; — 1 0 to 50 
55 to 00 
55 to 60 
70 

125 ! 
125 | 
35 1 

. 58 
. 58 
1.07 

1. 72 
1.02 

Very poor. 

Do. 

Good. 

Do. 

Poor. 

6 . .. 

do 

7 

do... ......... . i 

8. _ _j 

do 

35 

9.......... 1 


35 

10 ! 

1 do 1 

70 

» i 

1.02 

Do. 


Table 1 summarizes the results of the experiments. The sauer- 
kraut made at 70° F. was only fair in quality; that which was made 
at 55° to 60° was good in every instance, and that which 
stood outside did not become sauerkraut at all but was merely 
spoiled cabbage. This material was rotted to the depth of a foot or 
more at the top and at the bottom, was raw and contained no appre- 
ciable amount of acid. Although such extreme conditions do not 
prevail in the making ol sauerkraut the results show in an exaggerated 
form some of the effects which may be expected w r hen sauerkraut is 
made at low temperatures. 


FACTORY EXPERIMENTS 

Other experiments were conducted in a commercial sauerkraut 
factory. The cabbage used was the All Seasons variety and had been 
stored outside for about a month in a well-ventilated hay-covered pile 


7 ParmklR, H. B., Fred E. B., Peterson, W. H. f McConkie, J. E., and Vaughn, W E relation 

OF TEMPERATURE TO RATE AND TYPE OF FERMENTATION AND TO QUALITY OP COMMKRf'T at" MATrKHV » AT7T 

Jour. Agr, Research 35: 1021-1038. iltus. 1927. W Y ° commercial sauerkraut. 
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and had a temperature of about 38° F. when brought to the factory for 
cutting. As it left the cutter it fell through a chute where it was 
heated by means of a steam jet to the particular temperature desired. 
The plan followed was to fill three pairs of vats with cabbage at 
approximately 42°, 60°, and 70°, respectively. Each pair of vats 
was filled simultaneously so as to have the same grade of cabbage 
in both. Of the six vats used in the experiment Nos. 2, 6, and 7 
were filled the same day with 9 tons of cabbage and Nos. 3 and 9 
were filled a day later with 0 tons. 

Three copper-constantan thermocouples were put into each vat; 
one 2 feet from the bottom and the same distance from the side of 
the vat, another in the center, and the third 2 feet from the top and 
a like distance from the outside of the vat, but opposite the bottom 
thermocouple. The cold junction of the thermocouples was kept in 
ice water in a Dewar flask and the temperature of the junction in the 
vat read on a Leeds-North rup potentiometer graduated directly in 
degrees Fahrenheit. 

Another method of obtaining temperatures was used with four of 
the vats. A bamboo pole, the intersections of which had been bored 
out, was placed in the middle of the Vat aHhe time of filling. In this 
tube were suspended thermometers at heights of 2 feet and 4 feet from 
the bottom. To prevent a change in the reading while the ther- 
mometer was being withdrawn and read the lower end was inclosed in 
a small tube filled with water. 

In order to obtain samples of sauerkraut juice small Buchner funnels 
were attached to thick-walled rubber tubes and were placed in the 
vats near the top and bottom thermocouples. The sample was 
drawn into a receiving bottle by means of a hand-operated suction 
pump. The first portion of the juice was discarded to insure that the 
sample used for analysis was obtained from the vat and was not 
juice that had been standing in the tube. Titratable acidity, number 
of bacteria, and time of methylene-blue reduction were determined on 
each sample. The methods used for these determinations, and also 
for the analysis of the sauerkraut, have been described in a previous 
publication. 8 

Table 2 . — Temperature of sauerkraut in factory vats as determinedby thermometers 
at various times during the fermentation 


Age of sauerkraut (days) 

Tem- 
per- 
ature 
of fac- 
tory 
(° F.) 


Va 

Top 

l 2 

Bottom 

3 

45 

43 

41 

4. _ 

i 48 

42 

45 

0 

| 50 

44 

40 

7. _ ' 

1 60 

44 

48 

9 

I 50 

45 

48 

10 

38 

45 

48 

14... 

54 

48 

50 

17.. 

55 

50 

53 

23 

57 

52 

53 

31 

52 

53 

60 

35 

55 

52 

i 

" 


Temperature (° F.) in— 


Vat 6 

l 

Vat 3 

Vat 9 

Top 

Bottom 

Top 

i 

Bottom 

Top 

Bottom 

43 

41 



57 

! 59 

42 

43 

! 60 

54 

62 

62 

42 

45 

; 62 

58 

02 

1 63 

43 

45 

I 64 

59 

64 

! 63 

44 

46 

! 63 

58 

64 

64 

46 

46 

62 

57 

64 

! 65 


50 

59 

54 



52 j 

54 

60 

57 



53 

54 

61 

59 

1 

_ 

52 1 

52 

60 

57 



52; 

51 

56 

53 

' 1 



8 Parmelk, H. B., Fred, K. B., Peterson, W. II., McConkif, J. E., and Vaughn, W. E. Op. eit. 
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The results of the observations and the analyses are recorded in 
the accompanying illustrations and tables. The temperatures 
obtained by means of thermocouples are given in Figures 1 to 3 and 
those taken with thermometers are recorded in Table 2. The 
results in most cases do not differ by more than 1° F. Part of this 
difference is due to the fact that the paired thermometer and thermo- 
couple were a foot or more apart. Unfortunately, because of a change 
in operation, the last five readings of the thermocouples were erroneous 
and had to be discarded. 

Fermentation at High Temperatures (67° to 75° F.) 

The first sign of fermentation was the evolution of gas. A thick 
layer of foam formed on the surface of the vat during the first night. 



I 

Vi 
• Vj 

I 


/00 

SO 

O0 


Figure 1. — -Temperature, acidity, and number of bacteria in vats 5 and 7 at various times dur ing 

fermentation of sauerkraut 


This did not occur on the vats fermented at a medium temperature 
until after three days and did not occur at all on the vats fermented 
at low temperatures. 

Figure 1 shows that in general the temperature in vats 5 and 7 rose 
steadily from the first day to the third or fourth day. This rise in 
temperature can not be attributed to conduction of heat into the vat 
from the outside, for the vats were approximately 26° F. above 
factory temperature at the time they were filled. The production 
of heat must be caused either by plant-cell respiration or by bacterial 
activity. The latter was perhaps the most important cause, since the 
rise in temperature coincided with the time at which the bacteria 
were present in greatest numbers. 
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The number of bacteria reached a maximum about the second or 
third day, which was the time when the acidity began to increase 
rapidly. This increase was greatest during the third and fourth 
days. As the acid accumulated the number of bacteria decreased. 
The type of bacteria also changed after the third day. During the 
first two or three days coccus forms and short rods predominated, 
but after three days these gave way to large rods, which persisted 
throughout the remainder oi the fermentation. 

Fermentation at Medium Temperatures (57° to 64° F.) 

On the first day the temperature in vats 3 and 9 (fig. 2) fell below the 
initial temperature of the vat. This was probably due to inequalities 



Figure 2.-*Temperature, acidity, and number of bacteria in vats 3 and 9 at various times during 

fermentation of sauerkraut 

in the temperature of the cabbage in the vicinity of the thermocouple. 
The temperature began to rise on the second day and continued to do 
so for five days after which it remained constant until the eighth day. 
This rise in temperature may be taken as further evidence of the 
bacterial origin of the heat developed, for it occurred coincidently 
with the rise in acidity and the increase in the number of bacteria. 
If the formation of heat was due to plant-cell respiration the tempera- 
ture would have risen from the start and would not have been de- 
layed until the second day. 

Fermentation at Low Temperatures (40° to 46° F.) 

The outstanding facts shown by Figure 3 are that at the low temper- 
ature of vats 2 ana 6, no appreciable action took place. The gradual 
rise in temperature was probably the result of heat taken up from the 
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atmosphere. Acid production was low and the numbers of bacteria 
were small throughout the fermentation. These results are in 
agreement with those of experiments previously reported on the 
production of sauerkraut at low temperatures. 9 

Changes in Time of Methylene-Blue Reduction 

The time of methylene-blue reduction may be used as a rough 
measure of bacterial activity, activity being inversely proportional 
to the time of reduction, at least approximately. In Table 3 are 
recorded the changes in the time of methylene-blue reduction of the 
juice from each of the vats. A comparison of these data with those in 
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Figure 3.—' Temperature, addity, and number of bacteria in vats 2 and 6 at various times during 

fermentation of sauerkraut 


the illustrations shows that the time of reduction fell from a maximum 
of over 2 hours at the beginning of the fermentation to a minimum 
of 15 minutes at the end of 3 to 10 days. The minimum time was 
reached first by those vats which had the highest initial temperature, 
i. e., the vats in which fermentation was most active. 

Composition and Quality of the Sauerkraut 

The vats at high and medium temperatures were opened at the 
end of 35 days. The low-temperature vats contained so little acid 
at this time that they were left to ferment and were first opened at 
the end of 158 days. Samples were taken from the top, the center, 
and the bottom of each vat. Table 4 gives the results of the analysis 
and grading. 

• jjliEif, L. A., Peterson, W. H m and Fred, E. B. studies of commercial sauerkraut with special 

vWBljWEEHOE TO CHANCES IN THE BACTERIAL FLORA DURING FERMENTATION AT LOW TEMPERATURES. JollT, 
A Research 34: 79-95, illus. 1927. 
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Table 3. — Changes in time of reduction of methylene blue by sauerkraut juice from 
vats kept at different temperatures during fermentation 


Time of reduction in minutes for juice from— 


A Re of sailer- 

Vat 2, 

Vat 0, 

Vat 3, 

Vat 9, 

Vat ft. 


Vat 

7 

kraut (days) 

42° F.« 

42° F.« 

ft7° F.« 

ft7° F.« 

70° F.« 


70° F.« 


Bottom 

Top 

Bot.t om 

Top 

Bottom 

Top 

Bottom Top 

Bottom r i 

'op 

Bottom 

Top 

1 . - - 

' 

<") 

0) 

(0 

(0 

( h ) 

(0 

(o ! to 

( h ) i 


O’) 


2 

0) 

( h ) 

0) 

(0 

10ft 

0) 

( h ) : c fc > 

80 

HO 

90 

90 

3 

( h ) 

(0 

O’) 

(0 

lft 

lft 

lft ! lft 

30 : 

30 

lft 

lft 

4 

(") 

(0 

O’) 

(»> 




lft ; 

lft 

lft 

lft 

ft _ 

.. 




lft 

lft 

lft ; lft 





0 .... 

10ft 

(>) 

(0 
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lft 

lft 

lft i lft 

10ft 

lft 

lft 

lft 

7 

0) 

(0 

(0 

O') 




lft , 

lft 

j lft 

lft 

8 . 


1 

1 


1 ft 

lft 

lft : lft 





9 . 

(10 

00 

120 

90 

90 

4ft 

4ft 4ft ! 

30 ; 

30 


“ 'lft 

10 

1ft 

lft 

lft 

90 



j : 

4ft 
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« Initial temperature of fermentation. b Not reduced in two hours. 


Table 4. — Age, quality, and composition of sauerkraut from experimental vats kept 
at various fermentation tamper attires 




i 



Iteduc- 


Vat and initial temperature 

Age 

Alois* j Acetic 
lure ! acid 

Lactic 

acid 

Ethyl 

alcohol 

inR 

suRars 

as 

glucose 

Quality 

of 

sauerkraut 



i 






Days 

Per cent Per cent '.Per cent Per cent 

i Per cent 


VhI 2, 42° F 

lftK 

90. ft 0. 249 

1.400 

0. 282 

0. lft 

1 Poor. 

Vat 0, 42° F 1 

lftK 

89. ft | . 420 

1. ft70 

. 320 

. 12 

| Do. 

Vat 3, ft7° F 

34 j 

90.2 .371 

1.442 

.281 

. 12 

Excellent. 

Vat 9, ft7° F 

34 

91.9 .332 

1.402 

. 259 

. 11 

| (Jood. 

Vat ft, 70° F 

3ft 

92. 1 ! . 408 

1 . ft03 

.331 

. 12 
. lft 

* Fair. 

Vat 7, 70° F 

3ft 

90.0 i .420 

l.ftia 

.331 

j Do. 


The quality of the sauerkraut which was produced at the highest 
temperature was only fair judged from the standpoint of flavor, color, 
and texture. High temperature undoubtedly favors the production 
of sauerkraut of soft texture and pink color, for numerous soft and 
pink portions of sauerkraut were found in both vats.* It has also 
been demonstrated in the laboratory that fermentations conducted at 
high temperatures tend to produce pink sauerkraut. The finest 
grade of sauerkraut was obtained from the vats kept at intermediate 
temperatures. The sauerkraut from these vats was white and crisp 
throughout. The cabbage fermented at the lowest temperature 
produced sauerkraut that was poor in quality, and possessed a bitter 
taste, poor texture, and a dark color. 

The sauerkraut from the different vats showed no essential differ- 
ence in percentage content of fermentation products. The quality of 
sauerkraut depends upon something other than mere acidity. While 
a proper degree of acidity may be taken as the first requisite, there 
are other products, as yet not measured, which distinguish a sauer- 
kraut of good flavor from one of poor flavor. 
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SUMMARY 

The quality of sauerkraut was found to depend very largely upon 
the temperature at which fermentation was carried out, the most 
favorable temperature for fermentation was between 60° and 65° F. 

High temperatures favored the production of soft and pink 
sauerkraut. 

A rise of 3° to 5° F. occurred during the first eight days in fermen- 
tation vats kept at temperatures above that of the surrounding air. 
This rise in temperature was coincident with the greatest activity of 
the bacteria and is believed to have been caused by bacterial action. 



COMPARATIVE VALUE OF THE SIZE OF PHYTOPH- 
THORA SPORANGIA OBTAINED UNDER STANDARD 
CONDITIONS 1 

By Leon H. Leonian, Associate Pathologist , and Herbert L. Geer, formerly 

Assistant in Plant Pathology , West Virginia Agricultural Experiment Station 2 

INTRODUCTION 

Rosenbaum ( 25'f was perhaps the first to make a comprehensive 
effort to evolve unity from the chaotic morphological status of the 
genus Phytophthora. That his efforts failed materially to influence 
other workers can be attested by the fact that a large number of 
so-called new species have been described since the appearance of 
his paper. This is not at all surprising because a great many investi- 
gators still cling to the idea that the species is rigid and immutable. 
It is perhaps for this same reason that in his work Rosenbaum used 
only one strain from each species; had he used a dozen different 
strains, his conclusions would have been remarkably different and 
his taxonomic key decidedly less simple. 

Although the senior writer (14) has cLgpionstrated remarkable de- 
viations among the different strains of the same species of Phytoph- 
thora affecting shape and size of sporangia, presence and absence of 
sexual bodies, macroscopic characters of colonies, microscopic nature 
of submerged hyphae, and even pathogenicity, slight differences have 
still been used by different investigators as comprehensive bases for 
the creation of new species. 

Since environmental factors exert a great influence upon the mor- 
phology of Phytophthoras, and since the size and shape of sporangia 
constitute the principal basis for the morphological classification of 
tins genus, it becomes obvious that uniform environmental condi- 
tions are imperative for dependable measurements. It is not only 
a useless effort to describe a Phytophthora directly from its host, but 
it may prove a misleading procedure as well, because a given organism 
may be described as a different species according to the particular 
host which it happens to have infected. The complex vegetable 
media are but little more desirable substrata than the host plant, 
because not all varieties of oats, carrots, potatoes, plums, and all 
the heterogeneous constituents of the phytopathologists J agars have 
the same chemical or physical composition. There can be no de- 
pendable morphological classification of Phytophthoras without 
standardized environmental conditions. But as vet no such uni- 
formity exists,, as can be seen from the literature on Phytophthoras. 
The men who described these organisms worked in different coun- 
tries, under different climatic and laboratory conditions, and with 
media that can not be standardized or duplicated. As a result, the 
literature is teeming with conflicting statements. 


1 Received for publication Mar. 8, 11)29, issued August, 1929. Scientific Paper No. 77 of t he West Vir- 
ginia Agricultural Experimental Station. 

2 The writers express their thanks to Russell Brown for his help in biometrical computations 

3 Reference is made by number (italic) to “Literature cited,’’ p. 309. 
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SIZES OF SPORANGIA RECORDED IN THE LITERATURE 

In order to show the confusion which now exists in the literature, 
the writers have listed in Table 1 the sizes of sporangia as given by 
some reprsentative workers with this genus. Even a cursory glance 
is sufficient to show the amazing lack of consistency throughout the 
list. But just how much of this is caused by an absence of uniformity 
in technic and environmental conditions, and how much by the normal 
differences in the different strains and mutants of the same species, 
may never be known. 

TThe average size, whenever given, is selected and given in Table 1 
as the more comprehensive measure. 

Table 1 . — Review of sporangial measurements of Phyto phthoras as noted by other 

workers 


Organism 


Investigator 


Measurements in microns 


P. alliL 


P. areeae. 


P. eactorum. 


Belpharospora cambivorn 

P. capsid .. 

P. cinnamoini 

P. citrophthora 

P. coloeasiae 

P. erythroseptiea 

P. faberi 

P. fagi 

P. hibernalis 


Tanaka (3$) . 
Coleman (5) „ 


Wilson (SR) 

Kosenbaum (25) 

Suudarararnari and Kamakrishnan 

m. 

Cohn and Lebert, (25) 

Sch meter (25) . . 

Saecardo (28, p. 237-238) ... 

llartig (24 and 25) 

Osterwalder (25) 

Zimmerman (25) 

Ilori (25) 

Bubak (25) 

Van Hook (25) 


Rafferty and Pethybridge (10 ) . 

Stevens and Plunkett (SI) 

Kosenbaum (24) 

do 

Beach (/) 

....do. (/) 

... do. (t) 

do. (/) 

Rose (22) 

Hose ami Lindegren (28) 

Petri (19) 

Leonian (11) 

Rands (20).. 

(Smith and Smith (29) 

' Carne (3) 

J Wilson (38)... 

Butler and Kulkarni (7) 

IMcMurphy (15) 

MacMillan (18) 

Wilson (38).'.. 

I Rosenbaum (25) 

, Wilson (38) 

Tucker (36) 

Reinking (21) 

I McRae (16) 

do. 


30.5 by 49.4. 

120.6 by 30. 

45.4 by 51.2. 

143.3 by 71. 

20.0-45.4 by 30.1 by 71. 

47.92 by 30.05. 

27-42 by 32-64. 

48 by 35-68. 

35-40 by 50-60. 

35-40 by 50-90. 

25-40 -by 25-40. 

14.64-24.4 by 119.56. 

17- 30 by 25-60. 

30-50 by 50-60. 

15- 25 by 15-120. 

30-42 by 40-58. 

127 by 37 (oatmeal agar). 

30 by 52 (raw apple tissue). 

21-29 by 22- 32. 

27 by 34.5. 

26.06 by 36.62. 

24.9 by 34.4 (apple strain). 

25.97 by 32.34 (first of rhub ^ b strain). 

27.5 by 37 (second of rhubarb strain). 
25.2 by 33.8 (third of rhubarb strain). 

25.09 by 32.26. 

(26.8 by 34.4 (artificial culture). 

: 35.9 by 40.3 (diseased fruits). 

40-54 by 60- 75. 

36 by 60. 

33 by 57. 

35 by 50. 

19-37 by 19-60 (average 30 by 38.5). 

18- 26 by 30-60, or larger. 

18-26 by 38-60. 

30-42 by 42-78. 

20 by 32. 

20 by 30. 

27.65 by 44.85. 

25 by 30, rarely 42 by 80. 

30.95 by 52.67. 

31.28 by 52.27. 

16- 36 by 34-70 (cacao fruit). 

25-32 by 32-66 (Hevea fruits). 


f Wilson (38) 

jLaflerty and Pethybridge (10) 
l Rosenbaum. (25) ... 


Von Faber (5) 25-30 by 42-80. 

Rosenbaum (25) 1 32. 29 by 48. 52. 

Rosenbaum (17) J 26.5-43.49 by 37.5-59.49. 

Ocfemia and Roldan (17).. ■ 29.45 by 44 71. 

I 15-30 by 30-40. 

31 by 56 (raw apples). 


Carne (3) . 


f Saecardo (26) . 

Berlese (2) 

Clinton (4). 


{Rosenbaum (25) [ 18.27 bv 27.08. 


31 by 45 (artificial media). 

25.67 by 33.65. 

16.1 by 34.6 (lemon leaves, on potato- 
dextrose agar). 

16.4 by 34.6 (leaf and fruit tissues). 

14.3 by 30.3 (potato-dextrose agar). 

15- 20 by 27-30. 

16- 24 by 22-32. 

1 1-20 by 17-35. 


P. iiifestans. 
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Table 1. — * Review of sporangial measurements of Phytophthoras as noted by other 

workers — Continued 


Organism 


Investigator I Measurements in microns 


P. jatrophe 

P. rneadii 

P. melongenae 
P. mexicana... 

P. nicntianae.. 


P. omnivoru. 

P. parasitica 


P. parasitica rhei 


P. phaseoli... 

P. piui, 

P. syringae — 

P. terrestris... 

P. Umbel ri 

P. theobromae 


Rosenbaum (25), 
McRae (16) 


l 


Tanaka (S3).,.. 

llotson and Hartge (£>)... 

Van Breda de Haan (35) . 
Rosenbaum (25) 


l Tisdale and Kelley (35).. 


[Berlese (2) 

Stevens (30)... 

I Wilson (38)... 

(Pastur (35) 

Wilson (38)... 

Tisdale and Kelley (3.5) . 

Rosenbaum (25) 

Pastur (6) 

Godfrey (7) 


Leonian (IS). 


IlSaccardo (27, p. 841). 

■ {Hinton (4) 

! I Rosenbaum (25) 

If Leonian (12) 

UGravatt (8) 

! Wilson (38) 

* Rosenbaum (25) 


j( LaiTerty and Pethy bridge (10). 

! SherbakofT (28) 

I (Wilson (38) 

I I Thurston and Orton (34). 

I Von Faber (5) 


37.55 by 49.65. 

121 by 48 (Hevea fruits). 

{30 by 48 (French-bean agar). 

123 by 32 (Aqua submersis). 

33.9 by 42.4. 

/ 1 6-33 by 16-77 (artificial culture). 

124.2 by 46.2 (tomato fruit). 

25 by 36. 

29.95 by 37.58. 

1 25.3 by 30.67 (Holland strain). 

28.98 by 38.2 (Java strain). 

15.75 by 21-38 by 56 (oatmeal agar). 
32 by 51.6 (tobacco plant). 

35 by 50-60. 

35-40 by 50-60. 

17-30 by 20-60. 

20-40 by 25-50. 

10-45 by 16-60. 

25.86 by 31.25. 

23.39 by 43.64. 

10-15 by 13-20 (Vinca rosea). 

21-42 by 27-54. 

33.2 by 43.7 (Type I). 

36.7 by 43.7 (Type II). 

37.3 by 43.7 (Type III). 

;2l by 25.5 (Type IV). 

‘28 by 35 (Type V). 

20-24 by 35-50. 

17-27 by 28-43. 

19.05 by 27.87. 

35 by 55.5. 

19-40 by 28-86. 

30-32 by 40-74. 

25.33 by 39.86. 

(26 by 38 (Klebahn’s strain). 

127 by 40 (apple strain). 

30.5 by 42.5. 

13-17 by 20-27. 

16.7-22.3 bv 20.4-29.7. 

25-42 by 30 80. 


Twenty-one different measurements are recorded in Table 1 for 
Phytophthora cactorum. Obviously a measurement which reads 15-25 
by 15-120 microns is meaningless because almost any organism may 
be included in such a broad sphere. Saccardo’s 35-40 by 50-90 microns, 
or Schroeter’s 35-40 by 50-60 microns arc decidedly different from 
Rosenbaum's measurement of 27 by 34.5 microns, or Beach's 24.9 by 
34.5 microns. P. erythroseptica recorded by Wilson as measuring 
20 by 30 microns materially differs from Rosenbaum’s 27.65 by 44.85 
microns. 

If size is to be used as a dependable factor in taxonomy, such 
glaring contrasts in the measurements of different investigators must 
first be eliminated. Standardized conditions whereby all workers 
use the same simple media, and the same environmental conditions 
regardless of their localities, should help considerably in the elimina- 
tion of doubtful factors. With this purpose in mind, the writers 
undertook to work out the size factor in the organisms listed below. 

Information regarding the following group of 48 organisms is given by the first 
author (12 pp. 444-447): 

Phytophthora arccae (Golem.) Pethvb. 

P. cactoruv } 1 (Lebert and Cohn) Schrot. 

P. cactorum 2 (Beach)- 

P. cactorum 3. 

P. capsid Leonian. 
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P. ciirophthora Smith and Smith. 

P. crylogea Pethyb. and Luff. 

P.fagi (Bar tig) Hartig. 

The infestans group: 

P. infestans (Mont.) Dc Bary. 

P. phaseoli Thaxtor. 

P. mexicana Hotson and Hartgc. 

P. nicotianae Breda de Haan. 

The omnivora group: 

P. colocasiae Racib. 

P.faberi Maubl. 

P. palmivora (Butl.) Bull. 

P. parasitica Dastur. 

P. parasitica rhei I Godfrey. 

P. parasitica rhci II . 

P. parasitica, rhci. If I. 

P. parasitica rhei, IV. 

P. parasitica rhei V. 

P. sp . Reddick’s I. 

P. (errestris Sherb. 

P. pini Leonian — 

A collection of tropical Phytophlhoras sent bv Carl Hartley as follows: 
X. 22, 26, 36, 44, 97, 100, 102, 116, 117, 121, 123, 126, 130, 136, 137, 
138, 139, 140, 141, 142, 143, 144, and 145. 

P. sp. from Byrophvllum; collected and isolated by A. Berg in Bermuda. 
P. sp. from tobacco; sent to Leonian by Tisdale. 

P. sp. from tomato; isolated by Leonian at Morgantown, W. Va. 

P. sp. from Vinca; isolated by Leonian; last material furnished by E. F. 
Smith. 

The foregoing four organisms have been identified as P. omnivora . 

The following group of organisms was sent by H. S. Fawcett: 

No. 760, from tomato: isolated by Sherbakolf. 

No. 846, from citrus, southern California. 

No. 1026, from orange fruit, Riverside, Calif. 

No. 1216, sent from Amsterdam as P. parasitica. 

No. 1245, fi^om citrus, southern California. 

No. 1246. 

No. 1274, from citrus, southern California. 

No. 1287, from citrus, southern California. 

No. 1290 1), from citrus tree, Corsica. 

No. 1290 d, “Supposed to be the fungus described by Petri isolated from 
chestnut trees.’’ ( Blepharospora cambivora.) This is undoubtedly a 
Phytophthora. 

No. 1305 i, from lemon fruit, Corona, Calif. 

No. 1306, from lemon gummosis. 

No. 1308 f, from lemofi fruit, Riverside, Calif. 

No. 1309 a, from lemon gummosis, La Habra, Calif. 

No. 1341, from orange fruit, Rivera, Calif. 

The following organisms were sent by Tucker: 

No. 1, from coconut bud; isolated by Tucker in Porto Rico. 

No. 2, from coconut bud; isolated by Reinking in the Philippines; sent to 
Tucker by Ocfemia. 

No. 3, from coconut bud; isolated by Ashby in Jamaica. 

No. 4, from cacao pod; isolated by Ashby in Trinidad. 

No. 6, from cacao pod; isolated by Roldan in the Philippines, sent to 
Tucker by Ocfemia. 

No. 7, from cacao pod; isolated by Gadd in Ceylon. 

No. 8, from cotton boll; isolated by Tucker in Porto Rico. 

No. 9, from cotton boll; isolated by Ashbv in St. Vincent. 

No. 10, from cotton boll; isolated by Wakefield in Montserrat. 

No. 11, from cotton boll; isolated by Ashby in Trinidad. 

No. 12, from breadfruit; isolated by Gadd in Ceylon. 

No. 13, from pawpaw fruit; isolated by Gadd in Ceylon. 

No. 16, from Dendrobium Maccarthiae; isolated by Gadd in Ceylon. 

No. 161, from eggplant; sent to Tucker by Dreschler who received it from 
Kendrick. 
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No. 162, sent to Tucker by Dreschler, labeled “Church 528 Phytophthora 
Reddick II.” Leonian’s “ Mutant” of Reddick’s Phytophthora. 

No. 165, from Bermuda lily stump rot; sent to Tucker by Dreschler. 

No. 178, from grapefruit; sent to Tucker by Dreschler who received it 
from Fulton, originally labeled “Grapefruit Phytoph. P. R. 1.” 

No. 181, from tomato fruit; sent to Tucker by Dreschler who received 
it from Kendrick, originally labeled “Kendrick 3269.” 

No. 182, from eggplant; sent to Tucker by Dreschler who received it 
from Kendrick. 

No. 183, from pepper fruit; sent to Tucker by Dreschler who received it 
from Kendrick, originally labeled “Kendrick 3259.” 

No. 185, from pineapple, Jamaica; sent to Tucker by Dreschler who 
received it from Hansford. 

No. 186, from tomato fruit; sent to Tucker by Dreschler who received 
it from Kendrick, originally labeled “Kendrick 3207.” 

No. 187, from tomato buckeye rot, Washington, D. Cl; sent to Tucker by 
Dreschler, originally labeled “/l parasitica var. ly coper sin. ” 

No. 191, from tomato root; sent to Tucker by Dreschler. 

No. 194, from Liliurn candid urn; sent to Tucker by Dreschler. 

No. 197, from potato tuber, Kentucky; sent to Tucker by Dreschler 
who received it from Baarn. 

No. 201, from egglant, Philippines; sent to Tucker by Dreschler who 
received it from Ocfemia; originally labeled “ Eggplant Phytophthora 

No. 203, from potato tuber, Oklahoma; sent to Tucker by Dreschler. 

No. 206, from potato tuber, Idaho; sent to Tucker by Dreschler; labeled 
“Idaho 969.” 


No. 207, from potato; sent to Tucker by Dreschler who received it from 
Welch labeled “/\ infestansy ’ not /\ infest a ns according to Dreschler; 
undoubtedly a strain of P. omvirora . 

No. 213, from eggplant in Philippines; sent to Tucker by Ocfemia; labeled 
“ P. melange n a c; ” this is nothing but l\ aminivora. 


TECHNIC 

The writers have followed the method developed by Leonian {18), 
which consists of obtaining a vigorously growing sterile mycelium 
and allowing it to fruit in a simple solution. The nutrient solution 
used in this work contains the following ingredients; 

Nucleinic acid. 1.0 gram. 

Dihydrogen potassium phosphate - .6 gram. 

Magnesium sulfate _ .3 gram. 

Dextrose ...... 3.6 grams. 

Distilled water _ 1,000 cubic centimeters. 

Twenty-live cubic centimeters of this solution was poured into 
each of a series of glass capsules (preparation dishes) of 35 cubic 
centimeters capacity and sterilized. Then a bit of mycelium was 
transferred to this from the primary -stock cultures carried on oat- 
meal agar, and allowed to grow. Such colonies constituted the sec- 
ondary stock cultures from which transfers were made to another series 
of capsules for the production of sterile mycelia. The cultures were 
then incubated at 25° C. until a good growth of submerged sterile 
mycelium was obtained in each disli, a period of three days usually 
being found sufficient. If allowed to remain longer, the hyphae may 
reach the surface of the solution and form zoosporangia. The sterile 
colonies thus obtained were removed from the nutrient solution, 
washed in sterile distilled water, and transferred to glass capsules 
each containing 2 cubic centimeters of M/100 solution of potassium 
nitrate. These cultures were then incubated for three days at 25°, 
and thereafter examined for zoosporangia. Since only reproduction 
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and no vegetative growth can take place in potassium nitrate solu- 
tion, the number of immature sporangia was thus cut down to a 
minimum. 

In most cases 200 representative zoosporangia were measured. 
Occasionally, when too wide a variation was manifested, as many as 
400 measurements were made. On the other hand, when the zoo- 
sporangia were too scanty in number or when they exhibited an 
apparently close uniformity in size, only 100 sporangia were measured. 

The sporangia of Phytoplithora wfestans , P. phaseoli , and P . 
thalictri were taken directly from their respective hosts and measured 
because of the difficulty of growing these three organisms on artificial 
media. 


Tahle 2 . — Length and width dimensions of the sporangia expressed in microns 


I Length 

Phytoplithora organism I I 

I Mean 


P. areeae - \ 34. 52dr0. 422 

P. caetorum, 1 - --I 32. 07 ± . 443 

P. caeturum, 2 — ( 30. 48dr . 4f>l 

P. caetorum, 3 - - . i 39. 55dr . 048 

P. capsid --! 44. r>l-iz .838 

P. citrophthora - - . J 49. 17d. . 800 

P. fagi - >30. 22 dr. 532 

P. infestans i 30. OKdb .382 

P. phaseoli .. j 34. 81 dr .270 

P. moxieuiia -.i50.20dr.H04 

P. coloeasiae ; 37. 70d= . 909 

P. fa her i 1 39. OOdr . 533 

P. palmivora - ! 39. I8dr . 490 

P. parasitica - - - -! 40. 03 dr . 008 

P. parasitica rhei, 1 -! 40. 77dr .0110 

P. parasitica rhei, II . . . .. 40. 14_t 039 

P. parasitica rhei, JV.. 1 27. 01 dr .332 

P. sp. (Reddick), 1 43. 36d= . 97H 

P. sp. (Reddick), 11 : 40. 80-fc .788 

P. terrostris . 41. 03. dr . 505 

P. pini-_- : 43. 25dr .518 

P. thalictri... --j 20. 00d= .187 

P. sp. 8 (Hartley). -i 33. 52dr .574 

P. sp. 22 (Hartley) 1 42. 02dr .550 

P. sp. 20 (Hartley) . ! 38. 02d= . 598 

P. sp. 30 (Hartley) - 30.03d: .435 

P. sp. 44 (Hartley) - _ 35. oodr . 413 

P. sp. 97 (Hartley) - 40. SI dr . 781 

P. sp. 100 (Hartley). .. 35. 00d: . 540 

P. sp. 102 (Hartley) 38. 40d= . 023 

P. sp. 110 (Hartley) . . - .. . . 41. 81dr .725 

P. sp. 117 (Hartley) 41. 84dr . 005 

P. sp. 121 (Hartley) ...... . J 40. 03 db . f 45 

P. sp. 123 (Hartley) _ 40. 73 dr . 8.94 

P. sp. 120 (Hartley) - 30. 29dr . 480 

P. sp. 130 (Hartley) 37. 23d; . 404 

P. sp. 130 ( Hartley) 37. 44d= . 412 

P. si). 137 (Hartley) 30. 20dr . 502 

P. sp. 138 (Hartley) 44. 5ldr . 001 

P. Sp. 140 (Hartley) 39. 70dr . 590 

P. sp. 141 (Hartley) 30. 77 dr .409 

P. sp. 142 (Hartley) 30. 88dr . 751 

P. sp. 143 (Hartley ) 33. 44dr . 402 

P. sp. 144 (Hartley) _ 32. 59dr . 420 

P. sp. 145 (Hartley) . . - - 44. 00=bl. 402 

P. sp. (on Hryophilum) 36.33=1= .663 

P. sp. (oil tobacco) . 39. 88dr . 61 1 

P. sp. (on tomato) _ . 31. 22dr . 515 

P. sp. (on Vinca) v .. 38.03dr.587 

P. sp. 700 (Fawcett) . - 37. 85d= . 551 

P. sp. 846 (Fawcett) . 47. 30d= . 083 

P. sp. 1026 (Fawcett).-- . 43. 3()dr . 498 

P. sp. 1216 (Fawcett) 34. 85d= 548 

P. «p. 1245 (Fawcett) . 45. 17rfc . 392 

P. sp. 1246 (Fawcett) 38. 07d= . 577 

P. sp. 1274 (Fawcett) • 41. 10d= . 390 

P. sp. 1287 (Fawcett) - 51. 54dr . 055 


Width 

Mode Mean j 


37. 0 
33. 3 
33. 3 
37. 0 
40. 7 
51. 8 
37.0 
27. 7 
37. 0 
51. 8 
37. 0 
37. 0 
37. 0 
44. 4 
40. 7 
44. 4 
24. 5 
37. 0 
48. 1 
44. 4 
37.0 
22. 2 
29. 0 
44.4 
37. 0 
37. 0 
37. 0 
33. 3 
37. 1) 
37. 0 
37. 0 
37. 0 
37. 0 
37. 0 
37.0 


24. 07dr0. 222 

27. 49dr .292 ! 
31. 82dr .310 ! 

28. 89di .315 , 

29. 89dr .371 > 

30. 90rb .321 ! 
28. 97 dr . 289 j 
18. 90i .165 i 
20. 09 dr . 170 | 
32.93d: .379 ; 

24. 05 d: .404 I 
30.03d: .331 ; 
23. 07 d: . 194 ! 

31. 89 dr .419 j 
30. 11 dr .428 : 
30. 82 dr .424 ' 

25. 93 dr . 354 j 
30. 52dr .473 j 
30. 03 dr . 530 j 
: 2. 15 dr .300 | 
28. oKdr . 282 | 

15. 70dr .108 | 

25. 38i . 287 ] 
30. 52dr .301 j 
30. OHdr .412 j 
28. 50 dr .318 j 
28. 23 dr . 307 
28.34rfc .285 i 

28. OOdr . 282 i 

29. 89 dr .319 j 
20. 93 dr .271 1 
31.22dr .348 

30. 11 dr . 295 
33. 59dr .512 
29. 93dr .322 


35. 1 : 28. 3 7 dr . 282 

37. 0 27. 97dr . 235 

37. 0 ; 28. 80 dr . 329 

48. 1 32. 00 dr . 359 


37.0 ! 32. 37dr .443 


33. 3 29. 41dr . 443 

29. 0 ! 28. 78dr . 330 
29. 6 29. 74dr . 340 

37. 0 ; 27. 04db . 299 
33.3 I 30.30d: .303 
33. 3 ! 30. 26dz . 420 

33.3 ! 30. 45 dr .451 
25. 9 j 27. 01 dr . 363 
40. 7 | 29. 78=fc . 389 
37. 0 J 30. 19dr . 358 
44. 4 | 28. 03 dr . 214 
40. 7 j 29. 48dr . 205 

31.3 25.45dt .341 
48. 1 I 29. 78dr . 230 
37. 0 i 25. 56dr . 264 

37. 0 24. 34 d= . 191 

50.0 I 30. 45dr .252 


Mode 


25. 9 
29. 0 
33. 3 
29. 0 
29. 0 
31.3 
29. 0 
18. 5 
IS. 5 
29. 0 
25. 9 
29. 0 
25. 9 
33. 3 
-25. 9 
38. 3 
22.2 
29. 0 
37. 0 
37. 0 
29. 0 
14. 8 
25. 9 
29. 0 
29. 0 
29. 0 
25. 9 
25. 9 
29. 0 
29. 0 
25. 9 
33. 3 
29. 0 
33. 3 
25. 9 
29.0 
29.0 
29. 0 
37. 0 
29. 0 
29. 6 
29. 0 
29.6 
29. 6 
29.0 
29.6 
29.6 
25.9 
29.6 
29.6 
29.6 
29.6 
25.9 
29.6 
25.9 
25.9 
29.6 
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Table 2. — Length and width dimensions of the sporangia expressed in mieions — 

Continued 


! Length | Width 

Phytophthora organism : - , 




Mean 

Mode 

Mean 

Mode 

P. Sp. 

1290b (Fawcett) , ...... 

. 49. 54 -PI. 140 

37. O’ 

30.81+; .330 

29. (i 

P. sp. 

1290d (Fa wool {.) 

37. 44 + . 504 

29. 0 

23.71+7 .307 

22. 2 

P. sp. 

1305i (Fawcett) . 

43. 32+ . 539 

44.4 

30. 15+7 . 288 

29. () 

P. sp. 

1300 (Fawcett) ..... 

52.45il.3Kl 

44. 4 

30. 50+7 . 304 

29. 0 

P. sp. 

130SF ( Fawcett) 

40. 32_L . 0K7 

44. 4 

30. 08 ± . 295 

29. 0 

P. sp. 

1309a (Fawcett) 

. . . . 50. 50+ . 909 

4S. 1 

28.07+7 .340 

29. 0 

P. Sp. 

130 (Fawcett). 

. . . 49. 35+ .803 

48. 1 

31.33+7 .359 

33. 3 

P. s i > . 

1 (Tucker) 

. 39. 40+ . 475 

37. 0 

28.23+7 .312 

25. 9 

P. sp. 

2 (Tucker).. 

. . 35 92+ . 432 

33. 3 

30.00+7 .317 

29. 0 

P. sp. 

3 (Tucker) . 

42. 1 4dt- -541 

44. 4 

■27. 15 + . 235 

29. 0 

P. sp. 

4 (Tucker) 

.... ..: 38.85+ .457 

37. 2 

32. 15+ .301 

29.0 

P. sp. 

0 (Tucker) 

... . 40. 95-+ . H02 

48. 1 

31.74+7 .353 

29. 0 

P. Sp. 

7 (Tucker) .. .. . . 

40.02+ .441 

44. 4 

32. 30 + . 353 

33. 3 

P. sp. 

8 (Tucker) 

43. 51 +- . 501 

40. 2 

30. 70+ . 330 

40.7 

P. SI). 

9 (Tucker) 

48.35-+ .074 

51. 8 

29.U4+; .290 

29. 0 

P. sp. 

10 (Tucker) 

49. Old- .589 

IS. I 

40.44+ .409 

40. 7 


I t (Tucker) 

. 48. 05+ .977 

44. t 

32.74+; .281 

29. 0 

P. sp' 

12 (Tucker). ._ 

... 30. 55 + .348 

37.0 

! 28. 12+7 . 200 

25. 9 

P. sp. 

13 (Tucker) 

...... . I 39. 50+ • 507 

44. 4 

29.34:1; .333 

33. 3 

P. sp. 

10 (Tucker) ... 

' ,4#. 25+- .518 

37.0 1 

28. 93+7 . 200 

29. 0 

P. sp. 

101 ('Pucker) 

...... i 39.92+- .570 

40.7 

1 30.04 + .440 

29. 0 

r. sp. 

J or. ('Pucker) .... 

. 40.33i . 000 

33. 3 

| 33.33+7 . 473 

29. 0 

P. sp. 

17M (Tucker). . 

. 50. 13 +r . 900 

48. 1 

i 34. 11+ .458 

29. 0 

P. sp. 

181 (’Pucker). . 

..... . : 48. .50+7 . 870 

40. 7 

32. 89+: . 303 

29. 0 

P. sp. 

182 (Tucker) 

. 1 40. 99+r . 900 

29.0 

| 31.22+ .452 

29. 0 

P. sp. 

1S3 (Tucker) 

! 40. 7+- . 807 

37.0 

! 30.93+ .482 

29. 0 


1 Ha ('Pucker) 

j 43. 10+ . 580 

44.4 

30. 90+ . 330 

33. 3 

p sp. 

ISO ('Pucker). . 

39. KS+r . 587 

10. 7 

31.70+ .320 

29. 0 

P. sp. 

1S7 (Tucker).. . 

.. .. . 41.88+7 .441 

44.4 

34.07+ .371 

37. 0 

P. sp. 

191 (Tucker) 

40.02+z .700 

33. 3 

32.50+ .407 

29. 0 

P. sp. 

194 (Tucker) . 

32.85+7 .279 

33.3 

20. 49+ . 205 

25. 9 

I*, sp. 

197 (Tucker) ... . 

....... 44. 58+7 . 001 

48.1 ; 

32. 39+ . 304 

37. 0 

I’. sp. 

201 (’Pucker). . 

I 38. 99+r . 581 

37.0 

31.22+ .380 

29. 0 

I’. sp 

203 ('Pucker.) ... . 

: 40.95+71. 189 ■ 

29.0 

30.74+ .489 

25. 9 

P. sp. 

200 (Tucker) ... 

! 42. 14+7 .420 

38. 8 

27. 13+ . 173 

37. 0 

1’. S] >. 

207 (Tucker)... 

. . i 44.95+: .050 

41. 4 

30.44+ .379 

37. 0 

P. sp. 

213 ('Pucker). 

. . . 36.40+7 .382 

37.0 i 

28.30+ .281 

25. 9 


RESULTS 

The results of the measurements made by the writers appear in 
Table 2. The authors have cheeked each other’s measurements to 
make certain that no unconscious selection was practiced and that 
errors caused by the personal factor were reduced to a minimum. 
While the measurements checked fairly closely, it is recognized that 
the measurements of zoosporangia can never be highly standardized 
nor confined to the limits of mathematical pigeonholes. 

The length of sporangia arranged according to the arbitrary size 
limits of 20-25 microns, 28-33 microns, 36-40 microns, 43-48 microns, 
and 50 microns and over, yields five groups, A, B, C, D, and E as 
shown in Table 3. 
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Table 3. — Grouping of Phytoph thorax according to the mean length of sporangia 


Group A, 20 Group B, 28 to 33 Group C, 36 to 40 Group I), 43 to 48 Group E, 50 microns 
to 25 microns microns microns microns and over 


P. thalietri. j P. arecae. P. cactoniin, 2. P. capsid. P. mcxicana. 

P. cactorum, I. P. cactorum, 3. P. citrophthora. P. sp. 1287 (Fawcett). 

P. infestans. P. fagi. P. sp. (Reddick), I. P. sp. 1290 b (Faw- 

cett) . 

P. phascoli. P. colocasiae. I’, sp. (Reddick), II. P. sp. 1300 (Fawcett). 

P. parasitica rliei. P. fabori. P. pini. P.sp. 1309( Fawcett). 

! IV. 

P. sp. 8 (Hartley). P. palmivora. P. sp., 22 (Hartley). P.sp. 1341 (Fawcett) 

I P. sp. 143 (Hartley). P. parasitica. P.sp. 110 (Hartley). P. sp. 178 (Tucker). 

I P. sp. 144 (Hartley). P. parasitica rhei, I. i P. sp, 117 (Hartley). 

[ P.sp. (tomato). P. parasitica rhei, II. | P.sp. 138 (Hartley), 

j P. sp. 1216 (Fawcett). P. terrestris. P. sp. 145 (Hartley), 

i P. sp. 194 (Tucker). P. sp. 20 (Hartley). P. sp. 840 (Fawcett). 

P. sp. 30 (Hartley). P. sp. 1020 (Faw- 
I ; celt). 

| P. sp. 44 (Hartley). I P. sp. 1245 (Fuw- 

| i cett). 

P. sp. 97 (Hartley). i P. sp. 1305 (Faw- 
j j cett). 

; P. sp. 100 (Hartley). P. sp. 1308 (Faw- 

cett) . 

P. sp. 102 (Hartley). P. sp. 3 (Tucker). 

! P. sp. 121 (Hartley). P. sp. 0 (Tucker). 

P. sp. 123 (Hartley). P. sp. 8 (Tucker). 

P. sp. 120 (Hartley). P. sp. 9 (Tucker). 

| ! P. sp. 130 (Hartley). P. sp. 10 (Tucker). 

! | P. sp. 130 (Hartley). 1 P. sp. 11 (Tucker). 

P. sp. 137 (Hartley). P. sp. 181 (Tucker). 

: P. sp. 139 (Hartley). P. sp. 185 (Tucker). 

P. sp. 140 (Hartley). P. sp. 187 (Tucker). 

P. sp. 141 (Hartley), i P. sp. 197 (Tucker). 

P. sp. 142 (Hartley). P. sp. 203 (Tucker). 

P. sp. (Bryophilum). P. sp. 200 ("Pucker) . 

P. sp. (tobacco). P. sp. 207 (Tucker). 

P. sp. (Vina). 

’ P. sp. 700 (Fawcett), 

i P. sp. 1240 (Fawcett). I 

P. sp. 1274 (Fawcett). 

P. sp. 1290 d (Faw- 
cett). 

P. sp. 1 (Tucker). 

P. sp. 2 (Tucker). 

P. sp. 4 (Tucker). 

P. sp. 7 (Tucker). 

P. sp. 12 (Tucker). 

P. sp. 13 (Tucker). 

P. sp. 10 (Tucker). 

P. sp. 101 (Tucker). 

P. sp. 105 (Tucker). 

P. sp. 182 (Tucker). 

P. sp. 183 (Tucker), i 

P. sp. 180 ("Pucker). j 

P. sp. 191 (Tucker), j 

P. sp. 201 (Tucker), 
i P. sp. 213 (Tucker). 


The foregoing groups can by no means be considered stable, as 
Group A may easily merge with the lower limits of Group B, although 
not always so readily with those of C; similarly Group B may merge 
with the lower limits of C more frequently than with those of D, and 
so on. Group O, characterized by a size factor of 36-40 microns, 
contains the majority of individuals, followed by the next group 
which is distinguished by a length of 43-48 microns. 

If grouped according to the width of sporangia, and according to the 
following arbitrary sizes of J8-22 microns, 25-28 microns, 31-34 
microns, and 36 microns and over, four groups can be formed as 
shown in Table 4. 
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Table 4.— Grouping of Phytophthoras according to the mean width of sporangia 


Group A, 18 to 22 
microns 


P. infestans. 

P. phased i. 

P. thalictri. 

P. sp. 1290(1 (Fawcett). 


Group B, 25 to 28 
microns 


P. arecae. 

P. eaetorum, 1. 

P. eaetorum, 3. 

P. capsid. 

P. fagi . 

P. colocasiae. 

P. palmivora. 

P. parasitica rhei, TV. 
P. pini. 

P. sp. 8 (Hartley). 

P. sp. 30 (Hartley). 

P. sp. 44 (Hartley). 

P. sp. 97 (Hartley). 

P. sp. 100 (Hartley). 

P. sp. 102 (Hartley). 

P. sp. 110 (Hartley). 

P. sp. 120 (Hartley). 

P. sp. 130 (Hartley). 

P. sp. 130 (Hartley). 

P. sp. 137 (Hartley). 

P. sp. 141 (Hartley). 

P. sp. 142 (Hartley). 

P. sp. 143 (Bartley). 

P. sp. 144. 

P. sp. tomato. 

P. sp. (Vinca). 

P. sp. 840 (Fawcett). 

P. sp. 1020 (Fawcett). 
P. sp. 1210 (Fawcett). 
P. sp. 1245 (Fawcett). 
P. sp. 1240 ( Fawcett). 
P. sp. 1274 (Fawcett). 
P. sp. 1302a (Fawcett). 
P. sp. 1 (Tucker). 

P. sp. 3 (Tucker). 

P. sp. 9 (Tucker). 

P. sp. 12 (Tucker). 

P sp. 13 (Tucker). 

P. sp. 10 (Tucker). 

P. sp. 94 (Tucker). 

P. sp. 200 (Tucker). 

1’. sp. 213 (Tucker). 


Group C, 31 to 34 
microns 


P. eaetorum 2. 

P. citrophthora. 

P. mexieana. 

P. faberi. 

P. parasitica. 

P. parasitica rhei, 1. 

P. parasitica rhei, 11. 

P. sp. (Reddick). 

P. terrestris. 

P. sp. 22 (Hartley). 

P. sp. 20 (Hartley). 

P. sp. 117 (Hartley.) 

P. sp. 121 (Hartley). 

P. sp. 123 (Hartley). 

P. sp. 138 (Hartley). 

P. sp. 139 (Hartley). 

P. sp. 140 (Hartley). 

P. sp. 145 (Hartley). 

P. sp. (Bryophilum). 

P. sp. (tobacco). 

P. sp. 700 (Fawcett). 

P. sp. 1287 (Fawcett). 

P. sp. 1290b (Fawcwtt). 
1*. sp. 13Q5b (Fawcett). 
P. sp. MWob (Fawcett). 
P. sp. 1308b (Fawcett). 
P. sp. 1341b (Fawcett). 
P. sp. 2 (Tucker). 

P. sp. 4 (Tucker). 

P. sp. 0 (Tucker). 

P. sp. 7 (Tucker). 

P. sp. 8 (Tucker). 

P. sp. 10 ('Pucker). 

P. sp. 11 ('Pucker). 

P. sp. 101 (Tucker). 

P. sp. 102 (Tucker). 

P. sp. 105 ('Pucker). 

P. sp. 178 ('Pucker). 

P. sp. 181 ('Pucker). 

P. sp. 182 ('Pucker). 

P. sp. 183 ('Pucker). 

P. sp. 185 ('Pucker). 

P. sp. 180 (Tucker). 

P. sp. 187 ('Pucker). 

P. sp. 191 ('Pucker). 

P. sp. 197 (Tucker). 

P. sp. 201 (Tucker). 

P. sp. 203 ('Pucker). 

P. sp. 207 (Tucker). 


Group T), 30 microns 
and over 


P. sp. 8 (Tucker). 

P. sp. 10 (Tucker). 
P. sp. 102 (Tucker). 
P. sp. 207 (Tucker). 


The apparent or real kinship of the various organisms becomes 
still more pronounced where individual strains possessing identical 
lengths or widths are grouped together as in Table 5. 

Table 5. — Grouping together of Phytophthoras with identical length and width of 

sporangia 


Length | 

Organism 

Width Organism 

Microml 


Microns 

20 I 

P. thalictri. 

15 P. thalictri. 

27 | 

P. parasitica rhei, IV. 

18 i P. infestans. 

30 1 

P. infestans. 

20 ! P. phaseoli. 

31 

P. sp. (tomato). 

23 P. sp. 1290d (Fawcett). 


IP. eaetorum, 1. 

<P. sp. 144 (Hartley). 

I P. arecae. 

32 

24 ! P. colocasiae. 


I P. sp. 194 (Tucker). 

(P. sp. 1274 (Fawcett). 
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Table 5. — Grouping together of Phytophthoras with identical length and width of 

sporangia — Continued 


Length 


Organism 


j Width 



Organism 


Micron# 

Q-j i/P. sp. 8 (Hartley). 

AA U\ sp. 143 (Hartley). 

! P. arecae. 

34 P. phaseoli. 

; P. sp. 1210 (Fawcett). 

I P. sp. 44 (Hartley). 

35 !■ P. sp. 100 (Hartley), 
j P. sp. 2 (Tucker). 

j [P. eactomm 2. 

| P. fagi. 

i P. sp. 30 (Hartley). 

30 i P. sp. 120 (Hartley). 

1 P. sp. 137 (Hartley), 
i P. sp. 141 (Hartley), 
j (P. sp. 142 (Hartley). 

1 P. coloeasiac. 

| P. sp. 130 (Hartley). 

I P. sp. 130 (Hartley). 

37 \\ P. .sp. 700 (Fawcett). 
i P. sp. 12«0d (Fawcett), 
i 1’. sp. 4 (Tucker). 

I iP. sp. 201 (Tucker). 
j(P. sp. 20 (Hartley). 

I P. sp. 102 (Hartley). 

! P. sp. (Vinca). 

1\ sp. 1240 (Fawcett). 
P. sp. 4 (Tucker). 
itP. sp. 201 (Tucker). 
![P. cactorum, 3. 

| P. faberi, 

j P. palinivora. 

P. sp. 130 (Hartley). 

39 |]P. sp. 140 (Hartley). 

1 1 P. sp. (tobacco). 

! P. sp. 1 (Tucker). 

I P. sp. 13 (Tucker), 
i P. sp. 101 (Tucker). 

I i P. sp. 180 (Tucker). 
jfP. parasitica, 
j P. parasitica rhei, I. 

i P. parasitica rhei, 11. 

i P. sp. 97 (Hartley). 

I P. sp. 121 (Hartley). 

40 |<P. sp. 123 (Hartley). 

! P. sp. 7 (Tucker). 

| P. sp. 10 (Tucker). 

! P. sp. 105 ('Tucker). 

! P. sp. 182 (Tucker), 
j iP. sp. 191 (Tucker), 
j P. terrestris. 

! P. sp. 110 (Hartley). 

41 !sP. sp. 117 (Hartley). 

j P. sp. 1274 (Hartley). 
IP. sp. 187 (Tucker). 
fP. sp. (Reddick) I. 

P. pini. 

P. sp. 102G (Fawcett). 
q6 P. sp. 1305 (Fawcett). 
P. sp. 8 (Tucker). 

IP. sp. 185 (Tucker.) 

[P. capsici. 

P. sp. 138 (Hartley). 


44 

45 
40 


(P. sp. 145 (Hartley). 
P. sp. 197 (Tucker). 
IP. sp. 207 (Tucker). 

P. sp. 1245 (Fawcett). 
P. sp. (Reddick) II. 
IP. sp. 1308 (Fawcett). 
|P. sp. 6 (Tucker). 

P. sp. 203 (Tucker). 


1 Microns 

i (P. parasitica rhei, IV. 

; 1)r I P. sp. 8 (Hartley). 

“ 1 :| P. sp. 1210 (Fawcett). 

: P. sp. 1240 (Fawcett). 
P. palm iv or a. 

20 h P. sp. 110 (Hartley). 

P. sp. 194 (Tucker). 
i P. cactorum, 1. 

P. sp. 130 (Hartley). 

, r P. sp. 144 (Hartley). 

P. sp. (tomato). 

P. sp. 3 (Tucker). 

P. sp. 200 (Tucker). 

P. cactorum, 3. 

P. fagi. 

P. pini. 

P. sp. 30 (Hartley). 

I’, sp. 44 (Hartley). 

P. sp. 97 (Hartley). 

P. sp. 1(H) (Hartley). 

28 jP. sp. 130 (Hartley). 
)T\ sp. 137 (Hartley). 

P. sp. 142 (Hartley). 

P. sp. 840 (Fawcett). 
P. sp. 1309 (Fawcett). 
P. sp. 1 (Tucker). 

P. sp. 12 (Tucker). 

P. sp. 10 (Tucker). 
iP. sp. 213 (Tucker.) 

P. cajxdci. 

P. sp. 102 (Hartley). 

P. sp. 120 (Hartley). 

I’, sp. 141 (Hartley). 

P. sp. 143 (Hartley), 
i P. sp. (Vinca). 

P. sp. 1020 (Fawcett). 
P. sp. 1245 (Fawcett). 
P. sp. 9 (Tucker). 

P. sp. 13 (Tucker). 

. P. citrophthora. 

P. faberi. 

1 1*, parasitica rhei, I. 
j P. parasitica rhei, IF 
, P. sp. (Reddick), I. 

P. sp. 22 (Hartley). 

1 1’, si). 20 (Hartley). 

; P. sp. 121 (Hartley), 
j P. sp. 145 (Hartley). 

I lh sp. (Bryophilum). 
j P. sp. (Tobacco), 
i P. sp. 700 (Fawcett). 

P. sp. 1287 (Fawcett). 
P. sp. 1290b (Fawcett). 
P. sp. 1305 (Fawcett). 
P. sp. 1300 (Fawcett). 
I*, sp. 1308 (Fawcett). 
P. sp. 2 (Tucker). 

P. sp. 101 (Tucker). 

P. sp. 183 (Tucker). 

P. sp. 185 (Tucker). 

P. sp. 203 (Tucker). 

P. cactorum 2. 

P. parasitica. 

P. sp. 117 (Hartley). 

P. sp. 139 (Hartley). 

31 <1\ sp. 1341 (Fawcett). 
P. sp. 6 (Tucker). 

P. sp. 182 (Tucker). 

P. sp. 186 (Tucker). 

P. sp. 201 (Tucker). 
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Table 5. — Grouping together of Phytophthorax with identical length and width of 

xpo rangia — C o n t i n ued 


Length 1 

Organism 

Microns 


47 

P. sj). 84(5 (Fawcett,). 


[P. sj). 9 ('Pucker). 

4K 

P. sj). 11 (Tucker). 


1 P. sj). 181 (Tucker). 


. citrophthorn. 

. sp. 129(.)b (Fawcett). 
. sp. 1341 (Fawcett). 

. sp. 10 (Tucker). 

. mexicana. 

. sj>. 1309a (Fawcett). 
. sp. 17S (Tucker). 

. sp. 1287 (Fawcett). 

. sj). 1 306 (Fawcett). 


Width 


Organism 


M icrons 

I’, mexicana. 

! 1*. terrestris. 
i P. sp. 132 (Hartley). 
P. sp. 140 (Hartley). 
V. sp. 1 (Tucker). 

32 ; P. sp. 1 (Tucker). 

! P. sj). 7 (Tucker). 

' P. sp. 1H1 (Tucker). 

■ P. sp. 191 (Tucker). 
P. sp. 197 (Tucker). 
.... ( P. sj). 123 (Hartley). 
' ' I P. sj>. 105 i Tucker), 
‘u /P. sp. 17H (Tucken. 
IP. sj). 1K7 (Tucker). 

( P. sj). K (Tucker). 

30 P. sp. 207 (Tucker). 

IP. sj). (Reddick) 11. 
40 P. sp. 10 (Tucker). 


DISCUSSION OF RESULTS 


It is very evident that similarity or dissimilarity of sporangia! sizes 
does not, necessarily, denote taxonomic kinship. Whereas in reality 
Phytophthora thalictri should be nothing more 1 than a variety of 
P. infestans, it was found that from tin* standpoint of sporangia] sizes 
alone it is much closer to P. parasitica var. rhei IV. P. areeae and 
P. phaseoli are decidedly different species, yet they are almost identical 
in so far as the size of their zoosporangia is concerned. There are 28 
organisms (Table f>) between P. cactonnn 1 and P. eactorum 3 if the 
length of sporangia is considered, and only 8 organisms between 
P. cactonnn t and P. cactonnn 2, whereas, from the standpoint of the 
width of zoosporangia, it stands next to P. cactonnn 3 and is 48 
organisms removed from P. cactonnn 2. If three "Strains of this one 
species alone show such sharp dissimilarities in the size of their 
sporangia, despite the rigidly controlled environmental conditions, 
it is natural that glaring discrepancies are to be noted throughout 
the taxonomic literature on this and other species of Phytophthoras. 
Similarly, if some of the strains of P. parasitica rhei which were dis- 
sociated under the very eve of the senior writer, exceed all reasonable 
limits of fluctuation and yield decidedly different looking individuals, 
it is not surprising that so many of the different strains of P . omnivora 
have been described as different species. Arranged according to the 
mean size of their zoosporangia the following 15 strains of P. omnivora 
manifest a remarkable gradation with a maximum difference of 22 
microns between the mean length of P. parasitica rhei IV and P. sp. 
10 (Tucker), and a difference of 15 microns between their mean width, 
not to say anything about all kinds of intergradations: 


M icrons 


parasitica rhei IV 27X25 

P. sp. (tomato) 31X27 

P. sp. 144 32X27 

P. sp. 143 33X29 

P. sp. 126 36X29 

P. sp. (Vinca) ~ _ 38X29 

P. sp. 139 39X31 

P. parasitica rhei I 40X30 


M icrons 


P. parasitica (Dastur’s strain) ... 40X31 

P. terrestris 41X31 

P. sp. (Reddick) I 43X30 

P. sp. 145 44X30 

P. sp. 138 44X32 

P. sp. (Reddick) II . 46X36 

P. sp. 10 (Tucker) 49X40 
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Confronted by such a situation, and with no aid forthcoming from 
the available taxonomic literature, the worker is obliged to create 
many new species and varieties in order properly to dispose of such 
organisms. Yet the anomaly of such a procedure is at once apparent, 
because the writers know that at least in some cases the so-called 
new forms sprang from the old as dissociative phases and represent 
nothing but a stage in the life of a given organism rather than true 
mutants or immutable entities. 

The size of oogonia or oospores is no more dependable for purposes 
of classification than that of sporangia. The following figures (in 
microns) for the oogonia of Phytophthora cactorum , as given by differ- 
ent authorities, speak for themselves: 

16X24, DeBary 27.36, Rosenbaum, for Panax strain. 

22X32, Stevens and Plunkett. 26 to 28, Hon. 

26.78, Rosenbaum, for Phyllocactus 24 to 30, Schroder. 

strain. 20 to 70, Lobert and Cohn. 

Because the two strains of Phytophthora cactorum which Rosen- 
baum studied averaged about 27 microns for the oospores one is not 
justified in assuming that the measurements of other workers were 
faulty. While it is true that the scheme of computing measurements 
and the environmental conditions utilized by any given investigator 
unquestionably exert a material influence upon the size factor, the 
innate variability and the specific or hereditary peculiarities of differ- 
ent strains may also be responsible for the obvious discrepancies noted 
in the foregoing figures. Even if 27 microns are accepted as represent- 
ing the average size of the oospores of P. cactorum , one is still con- 
fronted by the existence of numerous other species the sexually formed 
spores of which measure not so very differently from those of P. cacto- 
rum . Consider, for example, the following measurements in microns: 


P. colocasiae 20 to 28. P. phaseoli 25. 

P. erythroseptica. 29 to 30 (MacMil- P. spring ae 29.5 (Rosenbaum). 

Ian). P. syringac 25 (Rafferty and 

P. erythroseptica _ 35.78 (Rosenbaum). Pethy bridge). 

P • faQi 20 to 30. P. thcobromae 22 to 45. 

P. omnivor a 24 to 30. P. hibernnlis 22 to 45. 

P. parasitica rhei. 24. P. meadii 16 to 32. 


The differences which seem to exist in the size of oospores of dif- 
ferent organisms are not large enough for such a fluctuating group of 
fungi to justify their employment in the primary differentiation of 
species. When a difference of 5 microns exists in the measure- 
ments of Lafferty and Pethybridge and those of Rosenbaum as given 
in the case of Phytophthora erythroseptica , it becomes rather difficult 
to accept a difference of 2 or 3 microns as of sufficient significance 
t° he employed in taxonomy. Furthermore, since no uniformity of 
environmental conditions can be found described throughout the 
literature concerning oospore production and measurements, these 
figures, as they now exist, possess no value, and merely create con- 
fusion. Before the size of oospores can have any value for classifica- 
tion, all work must be repeated under standardized conditions, and at 
least 20 different strains of each species of Phytophthora should be 
used before figures of comparative reliance can be obtained. 

Furthermore the relation of antheridia to oogonia is not of much 
significance taxonomically . There are at least four species, Phytoph- 
thgra cactorum , P.Jagij P. syringae , and P. pini in which both para- 
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gynous and amphigynous anthcridia are present . It is highly probable 
that additional species, if studied intensively enough, may show similar 
relationships. 

The presence or absence of the sexual bodies is not a safe criterion 
in taxonomy. Aside from the possible occurrence of heterothallism, 
which has already been demonstrated in some strains of Phytophthora 
faberi, there is the further probability of cyclogenic successions in the 
life of a given fungus, whereby sexual and sexless phases may alternate 
irrespective of environmental conditions. Such instances are by no 
means rare in some strains of P. infestans where a fairly large num- 
ber of oogonia may sometimes develop in oatmeal-agar tubes, and 
then, upon subsequent transfers, such bodies may altogether disap- 
pear for months at a time, no matter how often nor under what 
conditions subcultures are made. Then, just as suddenly, these 
bodies may reappear. P. thalictri is described by Wilson as possessing 
no oogonia; Davis failed to find such bodies; Clinton discovered very 
few in the specimens collected by him; but the strain which was 
collected in West Virginia and put in pure culture by Berg, forms 
oogonia in great abundance. Some ^trains of ot her species may form 
sexual bodies very readily, while othefs may not. yield a single 
oogonium; or they may yield oogonia in culture for a while, and then 
cease producing them altogether. The senior writer has shown that 
the so-called mutants developing from a monosporangious culture of 
P. parasittca rhei, manifested some sharp differences in their ability 
to form sexual bodies. Strains I and 11 produced oogonia abun- 
dantly, Strain V less readily, Strain IV sparingly, and Strain III 
none at all. Yet these five strains were not mutants, although at 
first presented as such, but merely different phases in the cyclogcny 
of the same organism; after breeding true for over three years they 
reverted to their prototype, and all efforts again to induce segrega- 
tion met with failure. 2 

Dissociation among fungi is of much greater significance than has 
hitherto been realized. Many, if not all, of the so-called mutants, 
saltants, variants, etc., are probably nothing more than dissociative 
phases in the life of the same fungus. It is difficult to conceive of 
an organism which will permanently lose or gain certain character- 
istics, as the adherents of the mutation theory would lead us to 
believe. If the environment can not put something in the protoplasm 
which was not there before, how can the same environment remove 
something that was there? All that environment can do is to cause 
the emergence or submergence of certain characters. Such being the 
case, it would be unwise to accept the assumption that the so-called 
new strains produced by the operation of the mutation phenomenon 
are specific organisms rather than merely so many phases or facets 
of one complex organisms. It has been suggested that because the 
media employed by the senior writer have produced so many dis- 
sociations among thytophthoras and Fusaria, the employment of 
substrata rich in sugars and organic nitrogen should be avoided. But 
would not this merely be ignoring truth simply because it happened 
adversely to affect the smooth working of our taxonomic mechanism? 

2 Just before this paper went to the printer, some further work was undertaken with P. parasitica rhei 
and it was found that after a quiescent period of more than two years this organism began to dissociate 
once more, and that whereas it formerly produced only a strains, now there arc nearly 20 of them, with 
no stability of growth characters in sight. It is probable that additional strains may appear and be 
isolated in the near future. 
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STATUS OF DIFFERENT SPECIES 

In the light of the foregoing tables and discussions, what can be the 
status of different species of Phytophthora? While the writers have 
not had the opportunity of studying a large number of strains of all 
the species of this genus, and consequently feel rather reluctant to 
make too many decisive statements, it does seem that at least some of 
the species are well enough established to withstand future taxonomic 
upheavals. Others, however, have very little or no secure foundation 
and should be merged with the older species. The inf estans group is 
decidedly secure with its 3 species, P. infestans , P. ihalictri , and P. 
phaseoli. These 3 organisms are very readily distinguished from all 
others, not only by their morphological features, but especially by the 
difficulty with which they grow on synthetic media. Whereas all 
other forms of Phytophthoras studied by the writers make fairly large 
colonies on malt-extract agar within six days, these 3 species show not 
the slightest growth in that time. Their host relationship is very 
narrow and specialized, and their sporangia are among the smallest. 
Arranged according to the size of these bodies, from the smallest to the 
largest, these 3 species may be recognized in the following order: 
P. thalictri, P. infestans, and P. phaseoli. The next group which may 
be readily identified consists of P. cinnamomi , P. crypt ogea, P. ery - 
throseptica , and P. rnexicana. The writers have not had the oppor- 
tunity of studying many different strains of these organisms because 
no such strains were available, yet so far as their experience is con- 
cerned, at least 3 of these 4 species should stand for the time being. 
All 4 of them are scanty sporangia formers under most conditions; 
P. cryptogea has formed no such bodies in all the solutions employed 
by the senior writer; P. cinnamomi is the only one of the 4 capable of 
producing chlamydospores in solutions; in fact, it has formed only 
chlamydospores. P. ery throseptica and P. rnexicana differ from the 
foregoing 2 by the absence of the chlamydospore-forming habit and 
by their ability to yield sporangia in dilute solutions of nitrates. The 
chief difference between P. erythroseptica and P. rnexicana lies in the 
shape of their papillae, but this is a rather dubious distinction, and 
one that is extremely variable and highly influenced by the environ- 
mental conditions. The sporangia of P. rnexicana may be somewhat 
larger, but the size factor can not be considered too seriously in mak- 
ing specific distinctions. It would simplify matters if P. rnexicana 
were merged with P. erythroseptica , and there seems to be no valid 
reason why this should not be done. 

Phytophthora capsid and P. citrophthora differ chiefly in the absence 
of sexual bodies from the latter species. But since there are strains 
of P. infestans , P. thalictri , P. parasitica , P. faberi, etc., described as 
possessing no sexual bodies, there is no reason why P. capsid should 
not be merged with P. citrophthora. The latter organism does not 
possess sufficiently distinctive specific characters to be very secure 
anyway, and it is probable that sooner or later it will be found 
necessary to classify it with the omnivora group. The same appears 
also to apply to P. nicotianae , but nothing definite can be said about 
this until more strains are available for study. 

The only way Phytophthora cactorum can be distinguished from the 
pmn^vora group is by means of the position of the antheridia upon the 
oogonia. Yet, since this does not seem always to occur, and both 
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paragynous ^nd amphigynous types of antheridia are known to form 
in P. cactorum , this species can be brought still closer to P. omnivora. 
Forms of P. cactorum which possess no sexual stage can be placed 
nowhere else except in P. omnivora , and if this species is retained, there 
can be no doubt that certain of its strains will be classified as P. cacto- 
rum and others as P. omnivora. However, a definite judgment should 
be suspended on this species, pending the completion of some work 
now in progress. That P. fagi can have no specific standing is reiter- 
ated here. The slight differences in the size of sporangia which exist 
between P. cactorum and P. fqgi , and which have hitherto been con- 
sidered of sufficient specific value, are no longer tenable because we 
have seen that while the mean length of P. cactorum 1 is 32.67 microns 
and that of P. fagi is 36.22 microns, P. cactorum 2 measures 36.48 
microns and P. cactorum 8 goes up to 39.55 microns. Nor are the 
differences in the comparative sizes of oogonia large enough to be 
significant. The pathological relationships are just as unreliable: 
the numerous physiological races of various fungi and the complex 
and conflicting relationship of these races to their host plants do not 
permit an unrestricted use of pathogenicity in taxonomy. 

Perhaps the most cosmopolitan 'and ♦the most common of all 
Phytophthoras are those that have been gathered by the senior 
writer into the omnivora group. Extremely variable and of wide 
adaptability, these organisms have been a prolific source of con- 
fusion. P. colocasiae, P. faberi , P. palmivora , P. parasitica , P. ter - 
resins , P. parasitica rhei , P. melongenae , and perhaps P. theobromae , 
P. hibernates , P. rneadii , P. jatrophae , P. «////, and all other so-called 
new species described from Japan and India and many of them not 
available in pure-culfure form, belong here. The chief reform, 
therefore, should begin with this group. If any of the foregoing 
organisms described as distinct species possessed recognizable 
morphological or physiological characters, there would be no need 
of a reform. As it is, one may call a certain Phytophthora isolated 
from coconut or palm as P. faberi or P. palmivora , but the same cul- 
ture mixed with a number of other strains of the omnivora group 
can not again be singled out with any degree of certainty. The 
five colonies of the assumed mutants of P. parasitica rhei , as illustrated 
by the senior writer (18), show 7 a wide degree of deviation from the 
more common type of P. parasitica growth. Every macroscopic 
and microscopic character of this fungus seems to be modified in these 
five dissociative phases. The typical growth type of P. parasitica 
is a colony of comparatively slow r growth, of curly, coagulated 
patterns, and of bulbous, knotted, variously enlarged and gnarled 
submerged hyphae. P. parasitica I and II illustrate this habit. 
The P. faberi , P. palmivora and P. colocasiae type of growth consists 
of a smooth-combed nature with even and regular submerged hyphae. 
P. parasitica rhei V illustrates this mode of growth, while III and 
IV show r other intermediate stages. 

The confusion which now exists in Phytophthora omnivora can be 
largely eliminated if we divide this group into six arbitrary types: 
1, colocasiae-microsporous; 2, colocasiae macrosporous; 3, faberi - 
microsporous; 4 , faberi-macrosporous; 5 , parasitica-microsporous; 
and 6, parasitica-macrosporous. The first can be characterized by 
a smooth-combed colony habit and more elongated but smaller-sized 
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sporangia; the second is like the first except that the spores are larger; 
the third has the same colony habit but its sporangia are more 
spherical; the fourth is like the third, except that the sporangia are 
larger; the fifth type is characterized by curly, coagulated type of 
growth and gnarled submerged hyphae, with sporangia either 
elongated or spherical; the sixth type is like the fifth, except that the 
sporangia are larger. Such an arrangement provides for most, if 
not all, of the variations of this unstable group and would save the 
worker the anomaly of classifying the same organizm under two or 
more specific names whenever such a fungus happens to dissociate 
and throw off dissimilar phases. No matter which dissociative stage 
or which type of strain happened to be isolated by a given worker, 
it could immediately be classified under a scheme which recognizes 
that a given culture does not always appear and behave the same way ; 
that it may go through a more or less complicated eyclogeny; that 
dissociation of a fungus into its different phases can not be indefinitely 
controlled, and that striking deviations from the common specific 
path may often occur for various lengths of time. But because these 
are passive- stages they should not be given any permanence by 
building a true taxonomic pedestal under them. 

Blepharospora cambivora should be Phytophthora carnbivora, and, 
as such, it may have a comparatively sound taxonomic basis. The 
lack of papillae on the sporangia of this species is largely a relative 
matter largely controlled by the environment. When, for instance, 
this organism was inoculated into green pepper fruits, many of the 
ensuing sporangia developed well-pronounced papillae, although 
blunt sporangia were also present in no negligible numbers. But 
since, under most conditions, the sporangia of P. cambicora remain 
characteristically blunt, this fungus should be considered sufficiently 
distinctive to be regarded as a new species of Phytophthora. 

Phytophthora pini should be retained, at least for the time being. 
Of all the Pythophthoras grown by the writers this is the only one that 
forms both sporangia and oogonia in various solutions, a rather unique 
character, and, like the chlamydospore-forming habit of P. cin - 
namomi, unquestionably distinctive. 

Hartley’s organisms Nos. 8, 36 and 121 are sufficiently different 
from all others to merit further study in their native habitat to 
determine whether they should be described as new species. 

SUMMARY 

An attempt is made in this paper to compute the comparative 
value of the size of sporangia obtained under controlled conditions. 
Measurements of sporangia made by a number of representative 
workers are tabulated to show the discrepancies which exist in the 
literature due to the unstandardized methods of investigations, and 
to the great variability of the individual species. Because even the 
different strains of the same species vary so much that their sporangia 
cover the entire scale of sizes known ‘in the reproductive bodies of 
Phytophthoras, the size factor can not be of primary importance in 
taxonomy. Oogonia and oospores show similar size variations and 
are therefore no more valuable in this respect. 

Phytophthora infestans f P. thalictri , and P. phaseoli are taxonomi- 
cally secure. P. cinnamomi , P. cryptogea , P. erythroseptica, and 



Aug. 15, 1929 


Value of Size of Phytophthora Sporangia 


309 


P. pini are also distinctive enough to be retained. P. mexicana 
should be merged with P. erythroseptica and P. capsici with P. citroph - 
thora. Blepharospora cambivora should be Phytophthora cambivora , 
and P.jagi is the same as P. cactorum. P. cactorum is retained with 
reservations. P. arecae, P. nicotianae , and P. syringae must be consid- 
ered of doubtful specific value as classifications until intensive study 
of a number of strains of these organisms has been made. P. colocasiae , 
P. faberi, P. palmivora , P. parasitica , P. terrestris } P. parasitica rhei } 
and P. melongenae should be merged with P. omnivora; it is probable 
that P. theobrornae , P. allii , P. jatrophae , P. meadii , and P. hibernalis 
also belong in that group. Hartley’s organisms Nos. 8, 36, and 121 
seem to be sufficiently distinctive to merit further study. 
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INFLUENCE OF VARIETAL RESISTANCE, SAP ACIDITY, 
AND CERTAIN ENVIRONMENTAL FACTORS ON THE 
OCCURRENCE OF LOOSE SMUT IN WHEAT 1 

By Victor F. Tapke 

Pathologist , Office of Cereal Crops and Diseases , Bureau of Plant Industry , United 
States Department of Agriculture 2 

INTRODUCTION 

During the 10-year period 1917-1926, for which records are avail- 
able, 3 loose smut ( Ustilago tritici (Pers.) Jens.) in the United States 
took an estimated toll of wheat which averaged more than 10,000,000 
bushels annually. (Fig. 1.) Measures for controlling the disease 
in this country, however, rarely are applied. The very close associa- 
tion of the host and parasite throughout their life cycles makes 
practical control a difficult matter. The modified hot-water treat- 
ment of the seed, which has been generally recommended during the 
last 20 years and which has proved to be the best treatment yet 
devised, is effective in control. However, it involves a number of 
operations which make it tedious and difficult to apply under usual 
farm conditions. 4 Moreover, the treatment retards emergence of 

» Received for publication Feb. 26, 1029; issued September, 1929. A thesis submitted to the faculty of the 
graduate school, Cornell University, in partial fulfillment of the requirements for the degree of doctor of 
philosophy, June, 1927. Results of varietal-resistance tests in 1927 and 1928 are not included in the thesis. 

3 The writer wishes to express his thanks to H. H. Whetzel, professor of plant pathology at Cornell Univer- 
sity, for helpful suggestions; to H. II . Love, professor of plant breeding at Cornell University, for providing 
facilities for carrying out the experiments in 1924-26; and to C. E. Leighty, Office of Cereal Crops and Dis- 
eases, Bureau of Plant Industry, U. 8. Department of Agriculture, for supplying most of the seed samples 
used in the experiments and for assistance in identifying varieties. 

8 United States Department ok Agriculture. Bureau of Plant Industry. The following 
mimeographed material from Plant Disease Bulletin (or Reporter): 

estimate of crop i.ossks due to plant diseases. 1917. Plant Disease Bui. 2(1), 18 p. 1918. 

CROP LOSSES FROM PLANT DISEASES. 1918. Sup. 6, p. 186-213. 1919. 

CROP LOSSES FROM PLANT DISEASES IN THE UNITED STATES IN 1919. Sup. 12, p. 307-332. 1920. 

CROP LOSSES FROM PLANT DISEASES IN THE UNITED STATES IN 1920. Sup. 18, p. 317-338. 1921. 

CROP LOSSES FROM PLANT DISEASES IN THE UNITED STATES IN 1921. Slip. 24, p. 489-610. 1922. 

CROP LOSSES FROM PLANT DISEASES IN THE UNITED STATES IN 1922. Plant Disease Rptr., Sup. 30, 
p. 462-490. 1023. 

CROP LOSSES FROM PLANT DISEASES IN TITE UNITED STATES IN 1923, Sup. 36, p. 318-348. 1924. 

CROP LOSSES FROM PLANT DISEASES IN THE UNITED STATES IN 1924. Sup. 43, }). 381-410. 1926. 

CROP LOSSES FROM PLANT DISEASES IN THE UNITED STATES IN 1925. Sup. 49, p. 382-412. 1926. 

CROP LOSSES FROM PLANT DISEASES IN THE UNITED STATES IN 1926. Sup. 56, p. 394-423. 1927. 

Also the following mimeographed supplements of the Plant Disease Bulletin (or Reporter): 

FROMMK, F. D. DISEASES OF CEREAL AND FORAGE CROPS IN THE UNITED STATES IN 1920. Sup. 15, 
p. 115-176, illus. 1921. 

Haskell, R. J. diseases of cereal and forage crops in the united states in 1923. Sup. 35, p. 
244-348, illus. 1924. 

— DISEASES OF CEREAL AND FORAGE CROPS IN THE UNITED STATES IN 1925. Sup. 48, p. 301-381, 

illus. 1920. 

DISEASES OF CEREAL AND FORAGE CROPS IN THE UNITED STATES IN 1927. Sup. 62, p. 302-363. 

1928. 

and Wood, J. I. diseases of cereal and forage crops in the united states in 1022 . Sup. 

27, p. 164-266, illus. 1923. 

Kirby, It. S., and Archer, W. A. diseases of cereal and forage crops in the united states in 
1926. Sup. 53, D. 110-208, Ulus. 1027. 

MET.CHERS, L. E. DISEASES OF CEREAL AND FORAGE CROPS IN THE UNITED STATES IN 1924. Sup. 40, 
p. 106-191, illus. 1925. 

STAKMAN. E. C. DISEASES OF CEREAL AND FORAGE CROPS IN THE UNITED STATES IN 1021. Sup. 21, 

p. 139-254, illus. 1922. 

8 These operations are: A 1 to 6 hour presoaking of the seed in cold water, a momentary tempering dip 
at about. 120® F., a 10-minute bath at about 129°, sowing of the treated seed in a separate plot, and, finally, 
separate harvesting of the plants from treated seed. 
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seedlings and generally reduces germination and yield (34, 35 ).' 
The inconspicuous nature of the loss caused by loose smut in wheat 
doubtless also helps to account for the lack of an active practicing 



of control. The smutted heads, the only signs of the disease that 
are readily apparent, are in evidence for a few days only, i. e., during 
the blooming period of the healthy heads. As a result, growers 

* Reference is made by number (italic) to “ Literature cited," p. 337. 
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frequently are led to underestimate or to overlook entirely the amount 
of grain destroyed and the need for control. Moreover, loose smut 
in wheat never becomes alarmingly severe except in individual fields 
or within limited territory. Five per cent of diseased heads seems 
to be the highest amount that has been recorded for state-wide 
areas. 6 It is difficult, therefore, to enlist a general interest in control 
among growers, especially in view of the fact that all the known 
control measures are relatively difficult of application. 

In consideration of these factors it would seem that the control of 
loose smut in wheat presents a problem particularly adapted for solu- 
tion through the selection or development of resistant varieties, or of 
resistant strains within varieties which are susceptible but neverthe- 
less desirable. To this end the studies on varietal resistance reported 
herein were undertaken with a number of wheats mostly from the 
eastern half of the United States. There are reported herein also the 
results of studies to determine (1) a possible correlation between high 
acidity in the cell sap of wheat of different varieties and their resist- 
ance to loose smut, and (2) the extent to which certain environmental 
factors may influence the amount of disease exhibited by a particu- 
lar variety. Several previous investigations, as noted later, indicate 
that some of these factors may influence the occurrence of loose smut 
in some wheats. 

LIFE HISTORY OF THE CAUSAL ORGANISM 

The causal fungus ( Usiilago tritici) hibernates as mycelium within 
the wheat seed, vegetates systemically, and fruits in the young 
wheat heads previous to their emergence, destroying most of the tissues 
of the spike, except the rachis (fig. 2), and producing a black pow- 
dery mass of smut spores in their stead. The infested kernels and 
the plants developed from them show no external evidence of the 
presence of the pathogene previous to the emergence of the smutted 
heads. Smutted and healthy heads emerge during approximately 
the same period, and spores from the former are disseminated through 
the air while the healthy heads are in bloom. (Fig. 2.) Inoculation 
is intraseminal, being effected by the chance falling of one or more 
errant spores on the ovary or stigma which is exposed through open- 
ing of the glumes in the process of blooming. Leigh ty and Sando {25) 
found that the time required for a wheat flower to open fully in bloom- 
ing averaged 3 minutes and 36 seconds, while the time from beginning 
of opening to complete closing averaged 26 minutes and 30 seconds. 
It is evident, therefore, that the exposure of the flower to possible in- 
fection is of short duration. Moreover, the infection count is small. 
These facts doubtless explain why, as previously noted, epiphytotics 
of loose smut do not occur. Within a few days all the spores are blown 
or washed from the diseased heads, and only the naked rachises of the 
spikes persist. (Fig. 3.) Following its inclusion within the glumes 
the spore soon germinates with the protrusion of a germ tube which 
eventually enters the developing kernel wherein the mycelium is 
developed. The mycelium finally hibernates within the matured 
kernel, and the life cycle is thus completed. 


e IJnitkd States Department op Agriculture. Bureau of PI.ant Industry. Op. dt. 
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Figure 2.— A, Healthy blooming head of wheat; B, smutted 
head. Healthy heads are in flower and spores are blown 
froni diseased beads during approximately the same 
periods. Inoculation is effected by the falling of a spore 
upon the stigma or the ovary during the brief period of 
their exposure at blooming when the flowering glumes 
usually open for a few .minutes and the anthers are 
extruded 


The difficulty of control- 
ling loose smut in wheat 
through seed treatment be- 
comes readily apparent in 
view of the fact that the 
smut fungus is carried inside 
the seed. Surface disinfect- 
ants which control stinking 
smut and other surface- 
borne smuts have proved 
ineffective. Treatments 
which thoroughly soak the 
seed, like the modified hot- 
water treatment, are neces- 
sary to kill the intraserninal 
mycelium of the loose-smut 
fungus. 

REVIEW OF PREVIOUS IN- 
VESTIGATIONS ON THE 

CONTROL OF LOOSE 

SMUT IN WHEAT 

A review of the literature 
shows that a number of 
different methods have been 
tried for controlling loose 
smut in wheat, namely, (1) 
the selection of large ker- 
nels; (2) the use of seed more 
than 1 year old; (3) the re- 
moval of smutted plants 
from the field ; (4) the use of 
clean seed; (5) the treat- 
ment of the seed with 
chemicals, hot water, hot 
air, and steam, alone or in 
some combination; and (6) 
the selection of resistant 
strains and varieties. A 
full review of the effective- 
ness of these different 
methods was given by 
Appel and Riehm (2) in 
1911. Since that time 
further studies of the 
methods have been made 
(3, 4, 8, 17, 27, 29, 82, 84, 
85). G As a result of these 
investigations it has been 
found that, except for the 
use of varieties and strains 
which are resistant and 
otherwise desirable, treat- 
ment of the seed with hot 


ftfiifS*© States Department op Agriculture. Bureau of Plant Industry, op. dt. 
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water is the best method of control in general farm practice. Hot 
water may be applied in different ways (17, 85). The modified 
method devised by Freeman and John- 


son (10) has been generally recommended 
during the past 20 years. This treat- 
ment, as noted previously, is practiced 
only to a limited extent. It is effective 
in control but relatively complicated and 
tedious to apply in comparison with 
other standard cereal-seed treatments. 
The other methods of control enumerated 
above, except the use of resistant 
varieties, have been found either im- 
practicable of application or ineffective 
in control or both. 

With regard to the use of resistant 
varieties and strains, the literature ap- 
parently fails to show that any specific 
tests have been made to determine 
through floral inoculation the resistance 
or susceptibility of the more important 
varieties grown in the United States. 
Differences in susceptibility exhibited by 
specific classes or varieties of wheat have 
been observed, however, by a number of 
investigators. Kellerman and Swingle 
(22) note that loose smut is said to 
attack summer wheats most, winter 
wheats less, and hard wheats and spelt 
least of all. According to Melchers 7 also, 
the hard wheats in Kansas have less smut 
than the soft wheats. Freeman and 
Stakman (11) observed that durum wheats 
seem to have comparatively little loose 
smut, but of the common Minnesota 
spring wheats the bearded varieties seem 
to have more than the bluestems and fifes; 
however, no common variety showed 
any marked resistance to the disease. 
Fromme (13) also has reported that bearded 
wheats show uniformly more loose smut 
than the beardless varieties. In one case 
observed by him the average amount of 
loose smut in 20 bearded varieties was 
almost three times, that found in 16 
beardless varieties. 

In specific varieties of wheat the oc- 
currence of loose smut or its absence 
has been noted by Arthur (5), Keller- 
man (21), Maddox (28), Coons and 
Spragg (9), Fromme (13, 14), Tieman 
(36), various contributors to the Plant 



Figure 3.—Healthy heads of wheat at 
the close of the dowering period, and 
diseased heads from which the smut 
spores have been blown or washed, 
leaving only the naked rachis of the 
spikes 


7 Meuchers, L. E. Op. cit. (See footnote 3.) 




318 Journal of Agricultural Research voi 39, no. 5 


Disease Reporter, 8 and others. The content of loose smut in the 
varieties observed has been reported in various ways, and an accu- 
rate summary of the data would be difficult to present. A number 
of varieties have been reported resistant by some and susceptible by 
others. It is evident, however, that only a very few varieties have 
been consistently reported as showing any marked degree of resistance. 

Several experiments have been recorded briefly with regard to the 
selection of resistant strains in susceptible varieties. Strube (38) 
isolated a strain of Red Schlanstedt spring wheat which was said to be 
both highly resistant to loose smut and superior in yield and strength 
of stem. Recently Fromme (14) reported the results of susceptibility 
tests with a number of strains of Fulcaster wheat. Some have been 
found to be twenty times as resistant as the parent, indicating the 
probability of developing a highly resistant strain of this important 
variety. 

INFECTION STUDIES 

A COMPARATIVE STUDY OF THE ANTHESIS OF RESISTANT AND SUSCEPTIBLE WHEATS 

It has been suggested (13) that apparent resistance in varieties may 
be due simply to escape of disease bv virtue of a relatively eleistoga- 
mous habit of blooming, to an an thesis of shorter duration, or to both. 
If this were true, then in the artificial insertion of inoculum the effec- 
tiveness of this weapon of the plants’ defense, as it were, would fail to 
receive due consideration. Appel (1) stated that immunity from 
loose smut in certain types of barley is due to closed flowers, and 
Brefeld and Falck (6) obtained abundant infection by the introduction 
of spores into the artificially opened flowers of a cleistogamous 
variety of barley in which loose smut never had been observed. Jn 
wheat, cleistogamy does not occur, except under certain environ- 
mental conditions unfavorable for the opening of the glumes, as noted 
by Leigh ty and Sando (25). 

Detailed studies on the duration and degree of glume opening in the 
anthesis of resistant and susceptible wheats apparently have not been 
made. Fromme (13) noted that in a cursory examination he failed to 
find any differences that appeared to be significant in the blooming of 
the resistant Leap and the susceptible Stoner varieties. Both were 
observed to open during pollination. 

During the period June 1-6, 1925, the writer made a comparative 
study of the anthesis of 25 flowers of Dawson (C. I. 9 6161) and an 
equal number of Forward (C. 1. 6691) wheat. The two varieties 
were grown at Ithaca, N. Y., under similar conditions, and in adjacent 
rows 1 foot apart. Dawson is a beardless soft winter wheat with 
brown glabrous glumes and white kernels. It has been consistently 
reported very susceptible to loose smut. 6 The plants used in this 
study were grown from seed from hand-inoculated flowers and con- 
tained 27.08 per cent of smutted heads. Forward also is a beardless 
soft winter wheat but with white glabrous glumes and red kernels. 
Recent surveys indicate that it may not be so highly resistant as 

* United States Department op Agriculture. Bureau of Plant Industry. Op. cit. 

• United States Department of Agriculture. Bureau of Plant Industry. Op. cit (See foot- 
notes.) 

^Numbers preceded by C. I. are accession numbers of the Office of Cereal Crops and Diseases 
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reported earlier, 6 but there seems to be no doubt that it is far more 
resistant than Dawson. The Forward plants used in this experiment 
also were grown from seed from hand-inoculated flowers. No 
smutted heads appeared. Observations of the anthesis were made 
between 7 and 9 a. m. Both the duration and the degree of opening 
of the glumes were measured. The latter measurement was obtained 
by superimposing the points of a pair of dividers over the tips of the 
lemma and palea at the time of blooming when the filaments were 
completing their elongation and the anthers were assuming a pendent 
position. The divider points then were pressed into a sheet of paper, 
and later the distance between the two imprints was measured 
carefully. The distance averaged 3 mm. for both varieties. The 
time from the beginning of opening to complete closing was approxi- 
mately 26 minutes for both varieties. Near the completion of anthesis 
the glumes close very slowly, and it was therefore difficult to determine 
the precise moment at which the process was completed. In view' 
of these facts, it is apparent that resistance to loose smut in Forw ard 
is not a function of the mechanics of anthesis. The writer had 
observed also that the Leap variety, fo example, which in the field 
consistently bears a very low' percentage of loose smut, 6 continues 
to do so when the flowers are inoculated artificially. (Table 2.) 
Moreover, if the mode of anthesis w as the factor upon which resistance 
depended, then there should be expected no significant differences in 
the percentages of infected plants and heads displayed by different 
varieties when inoculated artificially. Reference to Table 2 shows, 
however, that the assembled varieties, grown and inoculated by hand 
under similar conditions, consistently displayed wide differences in 
percentages of smutted heads. 

It may be noted here that the date of blooming of a variety in a 

F articular locality apparently may enable it to escape loose smut, 
n the very early variety Nebraska No. 28 (C. I. 5147), for example, 
high percentages of smutted heads and plants w'ere obtained in the 
hand-inoculation tests. (Table 2.) On the other hand, loose smut 
has not been observed in the fortieth-acre plots of this variety at the 
Arlington Experiment Farm, near Washington, D. C. It seems that 
this is due to the fact that blooming in this variety occurs before the 
air has become laden with inoculum from smutted heads in the plots 
of later varieties. Doubtless a very late habit of blooming also would 
enable a susceptible variety to escape disease under normal conditions, 
provided that the seed sow r n was clean. 

EFFECT OF STAGE OF ANTHESIS ON INFECTION BY USTILAGO TRITICI 

According to Freeman and Johnson (10), “artificial inoculations of 
flowers witn loose smut from the time when the stamens are still 
green to the time when the ovary is one-third its mature size are 
usually successful. The optimum period for artificial inoculation is 
at the time when the flower is in full bloom or when the ovary is 
just commencing to develop after fertilization. ” In experiments con- 
ducted bv the writer, however, inoculation succeeded best when 
the inoculum was inserted while the pollen was still immature. This 
is shown in Table 1. 


• United States Department op Agriculture. Bureau of Plant Industry. Op. cit. 
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Table 1 . — Effect of stage of anthesis on the infection of Stoner ° and Red Chaff a 

wheals by Ustilago tritici 






Plants 

Plants 


Heads 


Wheat 

Stage of anthesis at inocu- 

Year 

plants 

Num- 

ber 

matured 



smutted I 



of 




| 




variety 

lation 

were 

grown 

seeds 

Num- 

Per 

Num- 

Per 

Total 

Number 

Per cent 




her 

cent 

ber 

cent 

ber 

smutted 

smutted 

Stoner 

Pollen green 

1923 

50 

35 

70.0 

25 

71.4 

303 

81 

26. 7 

Do 

Pollen being shed, or a few 

1923 

100 

40 

40.0 

4 

10.0 

299 

15 

5.0 


hours thereafter. 



1 







Red Chaff . 

Pollen green 

1924 

200 

99 

49.5 

70 

70.8 

885 

514 

58. 1 

Do 

Pollen being shed, or a few 

1924 

200 

108 

54. 0 ! 

00 

55.6 

1,053 

444 

42.2 


hours thereafter. 











a According to Clark, Martin, and Ball (7) , Stoner is a synonym for Fulcaster, and Red Chaff is a synonym 
for Qoens wheat. 


In the method employed by Freeman and Johnson (10), all the 
flowers on a head were inoculated, the stage of anthesis being desig- 
nated as the average of all the flowers on the head. In the writer’s 
method only those flowers on each head which were in the stage 
designated were inoculated. All others were removed in order to 
delimit the designated stage of anthesis as closely as possible. To this 
difference in method the difference in results obtained by Freeman 
and Johnson (10), and by the writer may be attributed, although 
varietal differences anti other factors also may have had some in- 
fluence. 

In the studies which follow, as noted previously, flowers with green 
pollen were not inoculated. It may be noted, however, that Hussar 
(C. I. 4843), Leap (C. I. 4823), Purplestraw (C. I. 1915), and several 
other varieties which have proved to be highly resistant to loose smut 
invariably have continued to remain so even when inoculated while 
the pollen was still green. 

VARIETAL RESISTANCE AND SUSCEPTIBILITY 

METHODS 

The ideal method of inoculation would consist in placing one or 
several spores of Ustilago tritici on the exposed ovary or stigma of a 
wheat flower in full bloom. This method is hardly practicable, how- 
ever, because the individual flowers on a spike are wide open for only 
a few minutes while the duration of blooming on a head may extend 
from two to seven days (23, 25). After some experimentation with 
different methods of artificial inoculation, a modification of one of the 
methods of B ref eld and Falck (6) was found most satisfactory and 
was adopted for all the inoculation studies reported herein except 
where otherwise noted. It consisted in opening the flower, when 
necessary, and lightly touching the stigma with the tips of forceps 
that had been dipped in a mass of smut spores* By this method tEe 
opening and inoculation of the flower were accomplished in one oper- 
ation, and after some experience it was possible to attain considerable 
speed. This was a vital point to consider in view of the large number 
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of flowers to be inoculated during the short period in which blooming 
occurs. In 1923, 1924, and 1925 spores were taken from single 
smutted heads selected at random as needed from different plots. In 
1926 and 1927 a large number of smutted heads from different plots 
were first collected, then the smut was taken from the heads and sifted 
through a fine screen. The composite sample thus obtained was used 
for inoculating the different varieties. The sifted smut was placed 
in a small capsule held in a clamp fastened to a ring. The device, 
ordinarily used for carrying pollen, is described by Leighty and 
Sando ( 26 ): 

Inoculations were made on flowers which were (1) open, (2) on the 
verge of opening, or (3) had opened shortly before. To this end there 
were selected heads which contained in the lower two-thirds of the up- 
per half of the head a relatively large number of flowers which were 
open or which had opened shortly before, as indicated by the un- 
bleached extruded anther sacs and the still plumose condition of the 
stigma. As the flowers in this portion of the head are the first to open 
( 25 ), the heads so selected therefore also contained in the adjacent 
upper and lower portions of the head a relatively large number of flow- 
ers on the verge of opening, as indicated by the color of the pollen sacs 
in the particular variety at hand. Many of these flowers on the verge 
of opening were stimulated to open as a result of handling the head in 
the process of inoculation. Freeman and Johnson ( 10 ) have shown 
that the period during which wheat flowers are susceptible to infection 
extends from a time when the pollen is still immature until the ferti- 
lized ovary has attained approximately one-third of its mature size. 
In the method here employed, therefore, the inoculations were made 
during a period which fell well within the limits of possible infection. 
All flowers not inoculated were removed. As a rule only the two lower 
flowers in a spikelet were inoculated and the upper flower or flowers 
were removed. At the distal portions of the heads a few entire spike- 
lets generally were detached. Flowers were inoculated on plants 
grown both in the field and in the greenhouse, but most of the inocu- 
lations were made in the field. This is shown in Table 2. Each 
inoculated head was tagged, harvested at maturity, and threshed 
in a small machine especially constructed so that every kernel was 
recovered. 

The seed was sown by hand. Individual kernels were spaced 6 
inches apart in rows 1 foot apart when sown in the field, or 2 inches 
apart in rows 6 inches apart when sown in the greenhouse. Through 
this method of spacing the seed the full complement of heads of each 
of the individual plants always was easy to recognize. Most of the 
sowings, as noted in Table 2, were made in the field. The crop of 
1925 was grown at Ithaca, N. Y., and previous and later crops were 
grown at the Arlington Experiment Farm, Rosslyn, Va. The wheats 
were sown in autumn during the usual sowing period at these places. 
All of the sowings were made with seed from the preceding crop. 

In the selection of varieties for inoculation particular attention was 
paid to the soft red winter common wheats. Varieties in this group 
are most extensively grown in the middle States east of the Mississippi 
( 24 ) where loose smut is most prevalent 6 and usually are suitable for 

• United Status Department op Agriculture, Bureau op Plant Industry. Op. cit. 
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growth in the environment of Rosslyn, Va., or Ithaca, N. Y., where the 
tests were conducted. 

For some varieties listed in Table 2, the total number of plants and 
heads on which the data are based is relatively small because only a 
small percentage of the plants matured. This was due in large meas- 
ure to the following facts: (1) The plants were widely spaced, and 
hence matured later; (2) infected seedlings proved more susceptible 
to winter killing (p. 333); and (3) some of the varieties were not very 
well adapted to the environmental conditions of one or the other of 
the localities where grown. 

The appearance of approximately 6 to 10 per cent or more of loose- 
smutted heads in a variety was arbitrarily selected as a basis for 
considering it susceptible and discontinuing it in the test. It was not 
possible to establish an inflexible basis in this regard, as the inocu- 
lation of a variety could not be delayed always until the last of the 
diseased heads had appeared. In a few cases a variety was tempo- 
rarily discontinued because it had passed the stage suitable for inocu- 
lation during a period when time was not available for inoculating 
all the wheats in bloom. 

MATERIALS 

Most of the varieties used in these studies came from the collection 
assembled for the study of w heat classification by members of the 
Office of Cereal Crops and Diseases (7). Many of the varieties were 
grown from seed selected from individual heads in previous seasons 
and thus were pure-line selections, whereas others represent merely 
the mass variety, as indicated in Table 2. It may be possible, there- 
fore, that other pure lines of these varieties would show more or less 
loose smut. In some of the more important varieties several strains 
have been tested, so that the behavior of the variety, as a whole, is 
fairly well indicated. 


RESULTS OF VARIETAL TESTS 

The data obtained in the varietal resistance and susceptibility tests 
are presented in Table 2. The recognized varieties are listed in alpha- 
betical order following the nomenclature used by Clark, Martin, and 
Ball (7). All synonymous names of varieties are listed together in 
alphabetical order or in the order of their Cereal Investigations (C. I.) 
numbers under the recognized varietal names. The varieties tested 
belonged to one of the three groups — common, club, or durum. The 
common wheats included varieties in each of four commercial classes 
(hard red spring, hard red winter, soft red winter, and white wheats). 
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Table 2. — Classified list of common , club , and durum wheats grown from seed 
from hand-inoculated flowers y showing number of plants arid heads and percentages 
of loose-smutted plants and heads 

[Wheals grown at Arlington Experiment Farm. Rosslyn, Va., in 1923, 1924, 192>, 1927, and 1928, and at 
Ithaca, N. Y., in 1923. Except when the year is followed by a footnote reference, the flowers were inocu- 
lated on plants growing in the field and the seeds which developed were sown in the field] 


Variety and synonyms i 


Alton: 

CJhirka Winter 


Banska: 

W iscons i n Red igree 
No. 408. 

Do 

Beloglina: 

Beloglina 

Rig Frame: 

Rig Frame 

Black hull: 

Black hull 


l)o 

I)o... 

Brown Fife: 
Brown Fife. 


Bu flu m No. 17: 

BufTum No. 17 

rhina: 

< 'hina 

Pennsylvania Blue- 
stem. 

('Umax: 

K. B. No. 2 

Cun-ell: 

('urrell’s Prolific ... 

Golden Chat! 

Do 

Do 

Dawson: 

Dawson 0 o 1 d e n 
('hall. 

Do... 

Do 

Do 

Do 

Do 

Do 

Do... 

Honor 

Democrat : 

Democrat 

Diamond Grit: 

Diamond Grit 

Diehl- Mediterranean : 
Diehl-Mediterrane- 
an. 

Do 

Eaton: 

Eaton 

Eureka: 

Eureka 

Evans: 

Evans 

Do 

Flint; 

Flint.. 





Year in 





O. 1. 
No. 

Pure 1 ine or 
mass selection 

Classification 

which 

plants 

were 

Total 

plants 

Plants ; Total 
smutted heads 

i 

Heads 

smutted 




grown 









Nu in- 


Num - 






her 

Per cent 

ber 

Per cent 

1438 

Pure line 

Hard red win- 

1924 

59 

69. 49 

514 

47. 60 



ter common. 






oi50 


do 

1929 



1,002 

2.30 

♦>139 

do 

do 

1927 

55 

0 

ur, 

0 

1097 



1920 



856 

8. 70 

0184 

do 


1920 



570 

5. 73 

common. 




0291 

Mass select ion 

Hard red win- 

1925 

11 

0 

124 

0 



ter common. 






0201 

. . _ do. ... ...... 

do 

1920 



292 

0 

0231 

do 

do 

1927 

fi 

0 

18 

0 

1933 

do.. 

Soft red winter 

1923 

09 

57.97 

572 

22. 02 



common. 






3330 

Pure line 


1920 



134 

8. 21 

180 

Mass select ion 

do . 

1923 

75 

54. 66 

585 

23. 41 

4810 

Pure line 

do... 

1924 

41 

78. 04 

451 

34. 58 

4833 

3320 

do 

Mass select ion. 

... do... 

do J 

1920 

1923 



550 

0. 83 

82 

63.41 

598 

31.60 

3378 

Pure line . . . 

do ... . 

» 1924 

18 

33. 33 

1(0 

4.37 

3978 

do 

do... 

1925 

25 

4.00 

148 

1. 35 

3378 

do 

.. do. 

1926 



420 

11.97 


Mass selection. 

White common. 

1925 

48 

27. 08 

358 

12. 57 

3342 

Pure line 

.... do ! 

« 1924 

85 

| 0 

069 

0 

3342 

do .. ... 

do 

1925 

25 

! o 

| 132 

0 

3342 | 

do J 

do 

1920 

; o 

57 

0 

3342 

3342 

do.. „..| 

do 

do 

do 

fc 1926 


0 

! 49 | 

0 

1927 

03 ! 

*23.81 

1 384 

11. 20 

3342 

do 

. . . do ......... 

1928 

64 | 

95.32 

651 ! 

36. 10 

3342 

do 

do 

*> 1928 

97 | 

[ 85.57 

97 

85. 57 

0101 

Mass selection. 

do 

1923 

67 

44. 77 

525 j 

10.00 

3384 

Pure line 

do ! 

1924 

63 

! 47. 61 

731 

21.00 

3383 

.. . do 

Soft red winter 

1924 

23 | 

1 

! 47.82 

231 

23.27 


common. 





1393 

1395 

do 

do _ 

do 

do.. 

1920 

1927 



521 

5. 70 

61 ! 

72. 13 

130 

50. 77 

4082 

do... 

White common. 

1925 

2 

50. 00 

j 5 

20.00 

5170 

Mass selection. 

Hard red win- 

1925 

112 

66. 07 

! 908 

30. 18 



ter common. 




1 


2946 

do 

Soft red winter 

1923 

64 

I o 

387 

0 


common. 



i 


16.52 

2040 

6612 

..do 

.do 

1924 

50 

20.00 

345 

do 

do 

1924 | 

97 | 

1 46. 39 1 

522 

33.90 


tt The flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 
sown in the field. 

b The flowers were inoculated on plants growing in the field, and the seed which developed was sown in 
the greenhouse. 
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Table 2 - — Classified list of common, club, and durum wheats grown from seed 
from hand-inoculated flowers, showing number of plants and heads and percentages 
of loose-smutted plants and heads — Continued 


Variety and synonyms 

C. I. 
No. 

Pure line or 
mass selection 

Classification 

Year in 
which 
plants 
were 
grown 

Total 

plants 

Plants 

smutted 

Total 

heads 

Heads 

smutted 

Forward: 





Num- 

ber 

Per cent 

Num- 

ber 

Per cent 

Forward 

6691 

Mass selection. 

Soft red winter 
common. 

1923 

61 

0 

351 

0 

Do 

6691 

do 

do 

1924 

22 

0 

106 

0 

Do 

6691 

do 

do 

1925 

64 

0 

489 

0 

Fulcaster: 









Bearded Purple- 

1911 

do.._ 

do 

1923 

37 

0 

218 

0 

straw. 









Do 

1911 

....do 

.. _ do. 

1924 

57 

26. 31 

369 

6.23 

Dietz Longberry,.. 

1981 

do 

do 

1923 

40 

2.50 

306 

1. 96 

Do 

1981 

do 

do 

1924 

37 

43. 24 

193 

15. 54 

Fulcaster.. 


do 

do 

1925 

50 

8.00 

362 

1. 10 

Do. 

6162 

do 

do 

1923 

37 

18.91 

212 

23. 58 

Marvelous 

3605 

do 

.....do. 

1923 

49 

0 

272 

0 

Do 

3605 

.do 

.. . do.. 

1924 

46 

2. 17 

269 

1. 11 

Do .. . . 

3605 

do 

.do 

1925 

26 

0 

117 

0 

Stoner 

2980 

do 

do 

1923 

75 

38. 66 

602 

15. 94 

Fultz: 









Fultz 

1923 

do 

do 

1923 

54 

37. 03 

412 

15. 53 

Do. 

3416 

Pure line . . 

do 

“ 1924 

82 

0 

893 

0 

Do 

Do 

3416 

3416 

do 

do 

do 

do 

1925 

1926 

54 

0 

388 

458 

0 

1.53 

Do 

3416 

do 

do 

1927 

202 

37. 13 

842 

18.29 

Fultzo-Mediterranean : 









Fultzo - Mediterra- 

5813 

Mass selection 

_ .do. 

1923 

87 

25.28 

621 

14.33 

nean. 

Genesee Giant: 









Early Genesee 

1744 

Pure line, 

White common. 

1925 

56 

35. 71 

206 

17.96 

Giant. 

Gipsy: 






I 



Defiance 

5305 

do.. 

Soft red winter 
common. 

1925 

78 

j o 

560 

0 

Gipsy 

— 

do 

do 

1925 

44 

0 

516 

0 

Do 

— . 

do 

do 

1926 


0 

528 

0 

Do 

— 

do 

do 

1927 

257 

6.23 

831 

2.17 

Do. 

— 

do 

do 

1928 

39 

61.54 

392 

17.85 

Do.... 

3439 

Mass selection , 

do 

1923 

87 

1. 14 

611 

. 15 

Do 

3439 

do 

do 

1924 

80 

30.00 

563 

10.47 

Gladden: 









Gladden 

5577 

do.. 

do 

1923 

79 

7.59 

715 

4.47 

Do 

5577 

.do 

do 

1924 

70 

20.00 

423 

8.51 

Goens: 

i 








Goens 

3428 

do 

do 

ft 1923 

6 

100.00 

23 

95. 65 

Ited Chaff 

— 

do 

do. 

1924 

207 

57.00 

1,940 

49.38 

Goldcoin: 









Goldcoin 

— 

do 

White common. 

1925 

98 

23. 47 

671 

6. 86 

Junior No. 6 

6971 

do 

do... 

1925 

139 

26.62 

1,014 

8.38 

Golden Cross: 






; 



Golden Cross 

— 

do 

Soft red winter 
common. 

1825 

80 

| 37.50 

536 

8. 96 

Grandprize: 









St. Louis Grand- 

4876 

Pure line 

do 

1924 

44 

47. 72 

258 

33.72 

prize. 

Harvest Queen: 









Harvest Queen 

— 

do.. 

do 

1928 

35 

77. 15 

404 

66.84 

Do 

— 

do 

do 

ft 1928 

34 

76. 47 

34 

76. 47 

Do 

5314 

do 

do 

1925 

56 

0 

405 

0 

Red Cross 

4882 

Mass selection. 

do 

1923 

53 

0 

332 

0 

Do 

4882 

do 

do 

1924 

90 

1.11 

465 

.21 

Do 

4882 

do 

do 

1925 

59 

11.86 

418 

7.89 

Do 

4882 

Pure line 

do 

« 1924 

115 

.86 

1,092 

.09 

Do 

4882 

do 

do 

1925 

98 

1.02 

809 

1.24 

Haynes Bluestem: 









Haynes Bluestem . „ 

2874 

Mass selectlon- 

Hard red spring 
common. 

1923 

71 

33. 80 

515 

20.38 

Humpback: 

Humpback 

3690 

Pure line 1 

do 

1924 

30 ! 

30.00 

186 

16.66 


• The flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 
sown in the field . 

6 The flowers were inoculated on plants growing in the field, and the seed which developed was sown 
in. the greenhouse. 
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Table 2. — Classified list of common , club } and durum wheats grown from seed 
from hand-inoculated flowers , showing number of plants and heads and percentages 
of loose-smutted plants and heads — Continued 


Variety and synonyms 

C.I. 

No. 

Pure line or 
mass selection 

Classification 

Year in 
which 
plants 
were 
grown 

Total 

plants 

Plants 

smutted 

Total 

heads 

Heads 

smutted 

Hussar: 





Num- 

ber 

Per cent 

Num- 

ber 

Per cent 

Ked Hussar 

4843 

Pure line. 

Hard red winter 
common. 

* 1924 

179 

0 

662 

0 

Do 

4843 

do : 

do 

« 1925 

220 

.45 

1,102 

.04 

Hybrid 128: 








Hybrid 128— 

4229 

do 

Club 

* 1924 

163 

93. 25 

528 

89.58 

lllini Chief: 









Illini Chief 

5406 

do 

Soft red winter 
common. 

1923 

69 

27. .53 

513 

16.76 

Imperial Amber: 









Imperial Amber 

5338 

do... 

do 

1924 

68 

63.23 

492 

40.04 

Jenkin: 









Jenkin Club... 

5177 

do.. 

Club 

« 1924 

138 

97. 10 

463 

97. 62 

Jones Fife: 









Jones Fife 

Kan red: 

4468 

do 

Soft red winter 
common. 

« 1924 

134 

44.77 

399 

30.32 

Kan red 

5146 

do 

Hard red whf* 
ter common. 

1925 

62 

3.23 

464 

.65 

Do 

5146 

do 

do 

1926 



535 

5. 23 

Do 

5146 

do 

do 

1927 

65 

0 

166 

0 

Kinney: 









Kinney 

5189 

do 

Hard red 
spring com- 
mon. 

“ 1924 

24 

75.00 

279 

68. 10 

Kota: 









Kota.. 

5878 

do 

do 

* 1924 

90 

95. 55 

487 

93. 42 

Leap: 









Leap’s Prolific 

4823 

do.. 

Soft red winter 
common. 

• 1924 

112 

0 

926 

0 

Do 

4823 

do... 

do 

1925 

i 62 

6. 45 

352 

1.42 

Do 

4823 

do._ 

do 

1928 

62 

9. 67 

595 

2.69 

Link: 









Missing Link 

4866 

do 

Whitecommon. 

1926 



314 

12. 74 

Little Club: 





| 




Little Club 

4066 

do 

Club 

' 1924 

160 

97. 50 

651 

97.08 

Lofthouse: 









Lofthouse 

3275 

do._ 

Soft red winter 
common. 

1926 



60 

3. 33 

Do 

3275 

do 

do 

1927 

151 

17.88 

727 

5.50 

Longberry No. 1: 






! 



Jones Longberry. . . 

3451 

Mass selection. 

Whitecommon. 

1925 

57 1 

40. 35 

227 

25. 55 

Mammoth Amber: 









Mammoth Amber. 
Mammoth Red: 

3355 

Pure line 

do 

1926 



467 

16. 70 

Mammoth Red 

2008 

Mass selection. 

Soft red winter 
common. 

1923 

29 

0 

182 

0 

Do 

2008 

do 

do 

1924 

66 

18. 18 

390 

7. 43 

Marquis: 









Marquis 

3641 

Pure line 

Hard red spring 
common. 

* 1924 

149 

23. 48 

458 

17.68 

Martin: 









Martin 

4463 

do 

White common. 

e 1924 

105 

68.57 

292 

67.80 

Mealy: 









Mealy 

3358 

do | 

Soft red winter 
common. 

1924 

67 

4. 47 

661 

.81 

Do 

3563 

Mass selection. 

do.. 

1923 

38 

0 

267 

0 

Do 

3563 

do 

do 

1924 

91 

21.97 

594 

11.61 

Mediterranean: 









Missouri Bluestem. 

1912 

do 

do 

1923 

71 

0 

622 

0 

Do 

1912 

do 

do.., 

1924 

78 

29.48 

681 

11.89 

Rocky Mountain. _ 

1930 

do 

do 

1923 

65 

24.61 

759 

7.24 

Minhardi: 









Minhardi 

5149 

Pure line 

do... 

1926 



578 

18.17 

Minturki: 









MinturkL. 

6155 

do 

Hard red win- 
ter common. 

1926 


1 

928 

6.90 


• The flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 
sown in the field. 

• The flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 
sown in the greenhouse. 
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Table 2, — Classified list of common , club , and durum wheats grown from seed 
from hand-inoculated flowers, showing number of plants and heads and percentages 
of loose-smutted plants and heads — Continued 


Variety and synonyms 

C. I. 
No. 

j 

Pure line or 
mass selection 

Classification 

Year in 
which 
plants 
were 
grown 

Tota 

planti 

Plants 

smutted 

Tota 

head 

Heads 

smutted 



I 



Num 


Num 

l 

Nebraska No. 28: 





ber 

Per cen 

ber 

Per cent 

Nebraska Hybrid-. 

6147 

Mass selection. 

Soft red winter 

1923 

73 

67. 53 

543 

45. 48 



I 

common. 






Nigger: 


I. 







Nigger 

6689 

1 do 

do.. .. 

1923 

82 

41.40 

855 

21. 52 

Nittany (Pa. No. 44): 









Nittany... ... 

6882 

Mass selection 

.do. ... 

1923 

72 

0 

398 

0 

Do 

6882 

.do 

do 

1924 

34 

8. 82 

227 

6. 60 

Do 

6882 

do 

do 

1925 

51 

0 

259 

0 

Do 

6882 

Pure line 

do. 

1925 

64 

18. 75 

538 

8. 18 

0. A. C.: 









0. A. C. No. 104 .... 

6983 

do. 

White common. 

1926 

64 

87. 50 

476 

52. 52 

Oatka Chief: 










3481 

Pure line 

.... do 

1926 



480 

14. 17 

Odessa: 









Odessa 

6027 

do. 

Soft red winter 

• 1924 

29 

31.03 

289 

19.03 




common. 






Do 

6027 

do 

do... 

1924 

81 

9. 87 

800 

8.00 

Ontario Wonder: 









Ontario Wonder ... 

3483 

do. 

do... 

1926 



356 

19. 10 

Pen quite: 









Velvet Chaff 

6948 

do 

do 

1924 

98 

0 

681 

0 

Do — 

6948 

do 

do 

1925 

51 

0 

320 

0 

Do 

6948 

do... 

do 

1926 



235 

0 

Do 

6948 

do . 

do 

1927 

353 

80. 74 

2, 54 1 

39. 16 

Do 

6948 

do . 

do 

1928 

7! 

88. 74 

744 

37. 91 

Do 

6948 

.do 

do... 

'• 1928 

95 

84.21 

152 

86. 18 

Pentad: 









Pentad (D-5) 

3322 

do... 

Durum... 

' 1924 

8 

0 

6 

0 

Do 

3322 

do. 

.do. .1 

- 1925 

98 

1.02 

225 

.41 

Pesterboden: 









W'eissenburg 

1663 

do ... 

Hard red win- 

1924 

57 

68. 42 

706 

28. 18 




ter common. 






Peterson : 









Lars Peterson 1 

6638 

do 

Soft red winter 

a 1924 

27 

70. 37 

196 

25. (KJ 




common. 






Poole: 









Poole 

3488 

do 

...do. 

“ 1924 

106 

.94 

1,227 1 

.08 

Do. 

3488 

do 

do . . 

1924 

31 

3. 22 

215 

1. 86 

Do ... 

3488 

do ._ . 

do 

1925 

54 

0 

239 

0 

Do 

3488 

do 

. — .do 

1926 



398 

6. 78 

Power: 









Power’s Fife... 

3697 

Mass selection 

Hard red spring 

1923 

19 

31.57 

105 

24. 76 




common. 






Do... 

3697 

Pure line.. . 

do 

* 1924 

63 

61. 90 

600 

44. 33 

Prelude: 









Wisconsin W'onder. 

4323 

Mass selection. 

do 

' 1925 

286 

46.85 ! 

1, 032 

31.88 

Preston: 









Preston 

3328 

Pure line 

..do 

1924 

72 

4. 16 

715 

1. 53 

Velvet Chaff 

3081 

do. 

do _ ... 

<• 1924 

90 

3.33 I 

311 

1. 60 

Do 

3081 

--..do 

do _ 

' 1926 

140 

.71 I 

565 

.36 

Prohibition: 









Prohibition .. 

4068 

do „ 

W’hitecommon. 

1925 

22 

22.73 i 

103 

11.65 

Prosperity: 



American Bronze . . 

6380 

do 

Soft red winter 

a 1924 

48 

52.08 | 

335 

16.41 




common. 



j 



Purplestraw: 






i 



Purplestraw. 

1915 

Mass selection .. 

do 

1923 

27 

0 i 

176 

o 

Do 

1915 

do 

.. .do 

1924 

56 

5. 35 

426 

1. 40 

Do 

1915 

do... 

do 

1926 

.54 

3. 70 

265 

.'75 

Do. 

1957 

do_. 

do 

1923 

19 

0 

119 

0 

Do 

1957 

do 

do.... 

1924 

42 

2.38 

302 

.99 

Do 

1957 

do 

do 

1926 

39 

28.21 

218 

11.47 

Bed Chief: 









Early Red Chief... 

3392 

Pure Line 

do 

1924 

32 

21.87 

233 

7.29 


• The flowers were inoculated on plants'growing in the greenhouse, and the seed which developed was 
sown in the field. 

b The flowers were inoculated on plants growing in the field, and the seed which developed was sown in 
the greenhouse. 

e The flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 
sown in the greenhouse. 
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Table 2. — Classified list of common, club, and durum wheats grown from seed 
from hand-inoculated flowers , showing number of 'plants and heads and percentages 
of loose-smutted plants and heads — Continued 






Year in 





Variety and synonyms 

C. I. 
No. 

Pure line or 
mass selection 

Classification 

which 

plants 

were 

Total 

plants 

Plants 

smutted 

Total Heads 
heads smutted 





grown 










Num- 


Num- 


Red Clawson: 





ber 

Per cent 

ber 

Per cent 

Early Red Clawson. 

5349 

Mass selection. 

Soft red winter 

1923 

69 

15. 94 

552 

6.34 



common 






Do 

5349 

do _ .... 

do 

1924 

96 

12. 50 

466 

4.07 

Red May: 



Heechwood 

4886 

Pure line.. 

do 

« 1924 

33 

39. 39 

375 

14.40 

Early Ripe 

5319 

M ass select ion _ 

do 

1923 

79 

55. 69 

620 

22.09 

Jones Longberry. . . 

5339 

Pure line 

do 

1925 

39 

74. 36 

287 

40. 42 

Michigan Amber. .. 

4864 

Mass selection. 

do. 

1923 

70 

64.28 

486 

22.22 

Michigan Wonder .. 


Pure line 

do 

1928 

42 

59. 53 

520 

23. 85 

Do 


do 

do 

»• 1928 

58 

55. 17 

83 

42. 17 


5336 


do 

1923 

75 

14. 66 

505 

4. 75 

Do . 

5336 

.... do. ... .... 

do 

1924 

21 

9.52 

123 

3. 25 

Do 

5336 

do.. 

do. 

1925 

27 

33. 33 

168 

6. 55 

Red Rock: 









Red Rock 

5976 

do 

do 

1923 

23 

73.91 

206 

23.78 

Do 

5976 

Pure line.. ... 

.... ..do, 

1925 

84 

66. 67 

722 

24. 10 

Red Russian: 

> 





Red Russian ... 

4509 

do 

do 

« 1924 

8 

0 

44 

0 

Do 

4509 

do. _ 

do 

1925 

26 

11.54 

147 

5. 44 

Do 

4509 

do 

do 

1926 



48 

10. 42 

Red Wave: 









Red Wave. ...... 


Mass select ion 

do 

1925 

102 

74. 51 

626 

37. 06 

Do 

5804 

do 

do 

1923 

35 

45. 71 

145 

24. 13 

Rice: 









Rico 

5734 

Pure line 

do 

« 1924 

39 

5. 12 

287 

3. 83 

Do 

5734 

do. _ 

do 

1924 

71 

9. 85 

523 

7. 45 

liidit: 









Smut proof 

6703 

do... 

Hard red win- 

- 1924 

118 

0 

496 

0 



ter common. 






Do 

| 6703 

do 

do 

< 1925 

183 

o ; 

947 

0 

Rudy: 





1 



Rudy ... 

5656 

Mass selection . 

Soft red winter 

1923 

73 

53. 42 

068 

14.97 




common. 






Rupert: 









Rupert's Giant 

5920 

Pure line 

do 

« 1924 

106 

66. 03 

778 

21. 20 

Rural New Yorker 







! 


No. 6: 









Red Hussar 

3496 

do 

do 

« 1924 

33 

39. 39 

267 

11. 23 

Rural New Yorker 








j 

No. 57: 







: 

1 

Rural New Yorker 






| 



No. 57.... 

Russian: 

3516 

do 

do.. 

1926 



850 

27.17 






617 


Russian . 

5737 

do 

do 

1924 

! 71 

i 23.94 | 

4. 37 

Do 

5737 

do 

do . 

1925 

80 

16.25 

617 

4.54 

Do 

5737 

do. 

do 

1926 



11,020 

1. 47 

Do.... 

5737 

do. 

do 

j 1927 

270 

7. 77 

11,415 

2.69 

Seneca Chief: 




! 69.23 

392 

15.81 

Seneca Chief 

1 3575 

do 

’ White common 

1924 

39 

Shepherd: 






| 5.00 

196 


Shepherd 

6163 

_do 

| Soft red winter 

! 1924 

20 

.51 




common. 

; 



225 

0 

Do 

6163 

do 

do 

i 192j> 

30 

1 0 

Do 

6163 

6163 

do_ 

do 

.do 

1 1926 


1 

377 

0 

Do 

do 

i 1927 

j 300 

j 42. 33 

1,968 

14.99 

Sibley: 



1 


| 5.00 

445 

1.57 

Sibley New Golden. 

5666 

..do. 

! do. 

1 1924 

40 

Do 

5666 

do 

do. 

1 1925 

34 

| 5.88 

255 

2. 35 

Do 

5666 

5666 

do 

. ..do 

! 1926 



295 

3. 39 

Do 

do 

!.. do.. 

1927 

1 52 

! 21. 05 

717 

10. 74 

Silvereoin: 


j 

1 

1 

61.36 

304 

1 17. 76 

Silvorcoin 

6013 

do 

White common. 

: 1924 

44 

Silversheaf: 


j 

i 

; 32 

3. 12 

259 

.38 

Jones Silver Sheaf 

2496 

do 

j Soft red winter 

1 1924 

Longberry. 

Do 

2496 

do 

I common. 

do 

! 

! 1925 

i 

1 37 

j o 

212 

0 

Do 

2496 

2496 

do 

j. do. 

1926 

I 

1 

94 

0 

Do 

do_ 

j do 

I 1927 

1 333 

| 47. 15 

1,990 

18. 49 


• Tho flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 


^The flowerewere inoculated on plants growing in the field, and the seed which developed was sown in 

0 The flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 
sown in the greenhouse. 
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Table 2. — Classified list of common , club , and durum wheats grown from seed 
from hand-inoculaed flowers , showing number of plants and heads and percentages 
of loose-smutted plants and heads — Continued 


Variety and synonyms 

C. I. 
No. 

Pure line or 
mass selection 

Classification 

Year iu 
which 
plants 
were 
grown 

Total 

plants 

Plants 

smutted 

Total 

heads 

Heads 

smutted 

Sol: 

Sol - 

6009 

Pure line 

Soft red winter 
common. 

1926 

Num- 

ber 

Per cent 

Num- 

ber 

663 

Per cent 
0 

Do 

6009 

do 

do. 

1927 

277 

0 

735 

0 

Treadwell: 







733 



5332 


White common.. 

1926 



29. 74 

Trumbull: 







448 


Trumbull 

5657 

do 

Soft red winter 
common. 

a 1924 

34 

0 

0 

Do. 

5657 

do 

do 

1925 

1 

0 

1 

0 

Turkey: 









Red Russian. 

3497 

Mass selection. 

Hard red win- 
ter common. 

1923 

68 

83. 82 

477 

44.23 

Theiss 

1561 

do 

do 

1923 

52 

0 

212 

0 

Do 

1561 

do __ 

do 

1924 

80 

31.25 

352 

15. 05 

Turkey. 

1558 

Pure line 

do 

* 1924 

174 

,54.02 

775 

46. 45 

Do.-- 

6152 

Mass selection. 

do 

| 1923 

72 

47.22 

824 

7.03 

Wheedling: 







633 

6. 31 

Wheedling. 

4846 

Pure line 

i 

Soft red winter 
common. 

1924 

64 

31.25 

White Fife: 



1 






White Fife.. 

4412 

do 

White common. 

1924 

! 54 

55. 55 

341 

17.88 

White Odessa: 









White Odessa 

4651 

do. 

do. 

» 1924 

131 

29.00 

353 

16.99 

White Winter: 









White Winter 

Do 

5219 

5219 

.... do 

do 

do 

do. 

1925 

1926 

29 

3. 45 

160 

583 

1.88 

.01 

Do 

5219 

do 

do -i 

1927 

60 

"30.00 

109 

11.93 

Windsor: 



1 






Extra Early Wind- 

5915 

do 

do 

1925 

73 

52. 05 

389 

24. 16 

sor. 

Winter Bluestem: 



i 






Winter Bluestem. _ 
Wyandotte: 

5409 

do 

do 

1926 



84 

21.43 

Wyandotte Red 

3549 

do. 

Soft red winter 
common. 

b 1924 

19 

0 

176 

0 

Do 

3549 

do 

do.. 

1925 

14 

14.29 

83 

4. 82 

Zimmerman: 









Zimmerman 

2907 

do 


1924 

45 

31. 11 

254 

26. 77 


• The flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 
sowm in the field. 

The flowers were inoculated on plants growing in the field, and the seed which developed was sown in 
the greenhouse. 

0 The flowers were inoculated on plants growing in the greenhouse, and the seed which developed was 
sown in the greenhouse. 

Table 2 shows that Pentad (C. I. 3322), the only durum wheat 
tested, was highly resistant to loose smut; The three club wheats 
included in the test, Hybrid 128 (C. I. 4229), Jenkin (C. I. 5177), and 
Little Club (C. I. 4066), were strikingly susceptible, the latter two 
producing over 97 per cent of smutted plants and heads. (Fig. 4.) 
This is noteworthy in view of the fact that these wheats produce little 
or no loose smut in the Pacific Coast States, where they are grown ex- 
tensively. It is probable that the extreme dryness of the atmosphere at 
infection time, i. e., when the wheats are in bloom, plays an important 
rdle in this connection. That higher humidities are favorable for 
infection is indicated by the fact that loose smut in these States is 
found in irrigated sections and also by the unusually high content of 
loose smut in the plants grown from seed from flowers inoculated under 
the humid conditions of the greenhouse. According to Tisdale et al. 
{37), the selections of Hybrid 128, Jenkin, and Little Club, noted 
above, as well as other selections, proved very susceptible to bunt also. 
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Figure 4.— Hybrid 128 (C. I. 4220), a club wheat grown from infected seed in a greenhouse at 
Arlington Experiment Farm, Rosslyn, Va. It produced 03.25 per cent of smutted plants, 89.58 
per cent of smutted heads and many badly smutted leaves. The other club wheats included in 
the varietal test, Jenkin (C. I. 5177), and Little Club (C. I. 4050), produced over 97 per cent of 
smutted plants and heads. Many of the leaves also were badly smutted and distorted 

67472 — 26— — 2 
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With regard to the common wheats, Table 2 shows that the range of 
resistance ran from almost complete susceptibility to immunity. 
Resistant and susceptible varieties were found within each of the four 
commercial groups, except that no resistant variety was found in the 
white wheats included in the test. 

The varieties tested in each of the groups, which produced 5 pei 
cent or less of smutted heads in each of the two or three years when 
grown, are listed in Table 3, and grouped in their respective commer- 
cial classes. Not included in the list are fi ve varieties which produced 
less than 5 per cent smutted heads, but which have been tested in one 
year only. These varieties are: Fulcaster (C. I. — ), Gipsy (C. I. 5305) 
Harvest Queen (C. I. 5314), and Mealy (C. I. 3358), soft red winter 
wheats; and Preston (O. I. 3328), a hard red spring wheat. 

Table 3. — Classified list of common wheats which produced ft per cent or less of 
smutted, heads in each of the years when grown fro?n seed from, hand-inoculated 
flowers at Rosslyn, Va. y or Ithaca , N. Y. 

HARD RED SPRING WHEATS 


Variety and synonym 

C. I. No. ! 

Pure line or mass 
selection 

Number 
of years 
tested 

Total 
number 
of heads 

j Average 
percent- 
age of 
smutted 
heads 

Preston: 

Velvet Chaff 

3081 

Pure line 

2 

HOC) 

0.81 


HARD RED WINTER WHEATS 


Bacska: 





Wisconsin Pedigree No. 408 

0150 | Pure line. .. 

2 

1, 147 ' 

2. 01 

Blackhull: 

I 




Blackhull . . . . 

i 0251 Mass selection 

3 

434 

0 

Hussar: 

[ 1 




Red Hussar . 

4843 i Pure line 

2 

1,704 

.40 

Ridit: 

j 

Smutproof 


2 

1,443 

0 


0703 j do 


SOFT RED WINTER WHEATS 


Forward: 

Forward 

0091 

3005 

Mass selection 

3 



Fulcaster: 

Marvelous 

058 

1,873 

867 

3,669 

.46 

1.12 

.92 

Leap: 

Leap's Prolific 

4823 



Purplestraw : 

Purplestraw 

Russian: 

Russian 

1915 

5737 

Mass selection .... 

Pure line 

3 

Sol: 


6 

2. 94 

Sol 

0009 

5057 

3549 

do 

9 

1,398 

449 

259 

n 

Trumbull: 

Trumbull 

-do 

(jo 

4 

i u 

I 

Wyandotte: 

Wyandotte Red 

2 

9 

0 

1.54 

... — ... 


4 


The occurrence of loose, smut in many of the important wheats has 
been frequently reported in the Plant Disease Bulletins. 6 Examine- 
tioh of these reports shows that the varieties Blackhull, Forward, 
Leap, and Trumbull consistently have proved resistant in the States 
where grown. Reference to Table 2 shows that these varieties also 

^United States Department of Agriculture. Bureau of Plant Industry Od dt 

ft- ■ * 
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were resistant when artificially inoculated. Likewise a number of 
varieties which have been uniformly reported highly susceptible also 
have proved highly susceptible in the varietal tests. Examples are: 
Curroll, Dawson, Fulcaster (Stoner), Goens (Red Chaff), Kota, Red 
May (Michigan Amber), Red Wave, arid Red Rock. (Tables 2 and 
3.) Further examination of the data in the Plant Disease Bulletins 6 
shows that certain varieties have been reported resistant in some 
localities and susceptible in others. Fulcaster, Fultz, Kanred, and 
Prelude (Wisconsin Wonder) are examples. These different findings 
may be due wholly or in part to a mixture of varieties, mistakes in 
identification of varieties, effects of different interactions of environ- 
mental factors in the various localities where the varieties were 
observed, particular strains of the causal organism with different 
powers of infection, particular strains of the wheat with different 
susceptibilities, or other causes. With regard to varieties with resist- 
ant and susceptible strains, reference to Table 2 shows that in Ful- 
caster, Gipsy, Harvest Queen, Mealy, Purplestraw, and Red May, 
some strains thus far have proved resistant w r hile others are suscepti- 
ble. Fromine (74) also has called attention to the existence in Ful- 
caster of races with different degrees of susceptibility. These findings 
lend encouragement to the possibility of reducing loose smut in the 
important susceptible wheats through the use of resistant pure-line 
selections. 

The resistance of certain varieties in some localities and their sus- 
ceptibility in others also may be due to the existence of physiologic 
forms of the causal fungus. Very recently Piekenbrock (SO) has 
presented evidence to show' that physiologic forms exist in the loose- 
smut fungus of w r heat. In the course of the varietal tests the writer 
also has obtained evidence indicating their presence. For example, 
the varieties Fultz (C. I. 3410), Shepherd (C. I. 6103), Sibley (C. I. 
5006), Silversheaf (C. I. 2490), and White Winter (C. I. 5219) were 
highly resistant or immune in 1920 and previously, but in 1927 they 
proved highly susceptible. Dawson (C. 1. 3342), and Penquite (C. I. 
5948) were immune in 1924, 1925, and 1920, but in 1927 and 1928 
these pure-line selections proved highly susceptible. It is interesting 
to note, however, that Russian (C. I. 5737), highly resistant in 1924, 
1925, and 1920, produced only 2.09 per cent of smutted heads in 1927. 
Flowers of Russian were inoculated in 1920 with the same composite 
smut sample used in the inoculation of the other w heats. The expla- 
nation of the sudden change in the reaction of the mentioned varieties 
in 1927 may be due to the fact that in 1923, 1924, and 1925 inoculum 
was taken from single heads, while in 1920 and 1927, as noted pre- 
viously (p. 321), the inoculum was a composite sample of sifted smut 
from many different varieties. It seems probable, therefore, that 
one or more new and virulent forms may have been introduced in 
the sample, or a potent hybrid form may have been produced as 
a result of fusion of mycelia from different forms following inocula- 
tion. 

The pure-line selections of Hussar (C. I. 4843) and Ridit (C. I. 
6703) (Tables 2 and 3) used in the varietal test proved, respectively, 
highly resistant to and immune from loose smut. In experiments on 
the resistance of wheat varieties to stinking smut in the Pacific Coast 
States reported by Tisdale et al. (87), these same selections were used. 

6 United States Department of Agriculture. Bureau of Plant Industry. Op. oil . 
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Hussar was immune from stinking smut, and Ridit was highly resist- 
ant. These wheats, therefore, may prove valuable in breeding in 
sections of the country where both loose smut and stinking smut 
cause appreciable damage. 

The results of the studies of resistance and susceptibility in the 
varieties shown in Table 2 may be summarized as follows: (1) Pentad, 
the only durum wheat tested, was highly resistant to loose smut; 
(2) the three club wheats tested (Hybrid 128, Jenkin, and Little 
Club) were highly susceptible, which is noteworthy in view of the 
fact that they produce little or no loose smut in the Pacific Coast 
States where they are grown extensively; (3) in the common wheats, 
the range of resistance extends from high susceptibility to apparent 
immunity; the highly resistant and immune varieties are relatively 
few, but one or more were found in each of the four commercial 
groups except the white wheats; (4) both resistant and susceptible 
strains were found in the important varieties Fulcaster, Gipsy, 
Harvest Queen, and Red May. 

ACIDITY AND VARIETAL RESISTANCE OF WHEAT TO LOOSE 

SMUT 

In recent years there has been considerable speculation regarding a 
possible interrelationship between resistance to disease and the con- 
centration of hydrogen ions and titratable acid in the cell sap of the 
plant. Several varieties listed in Table 2 were grown from the same 
lots of seed used by Hurd in studies of acidity and varietal resistance 
of wheat to bunt, stem rust, and other diseases {18, 19, 20). The 
data, therefore, may be examined for possible correlations between 
resistance or susceptibility to loose smut and the corresponding 
acidity determinations reported by Hurd. 

In studies of acidity with reference to stem rust, Hurd {18) found 
that the varieties Kota (C. I. 5878), Little Club (C. I. 4066), Pentad 
(C. I. 3322), and Preston (C. I. 3081) showed no evidence of signifi- 
cant differences in either hydrogen-ion or titratable-acid concen- 
tration at any stage of their development. In fact, the values were 
strikingly similar for varieties so unlike both in morphological type 
and susceptibility to stem rust (in general, Kota and Pentad are 
resistant and Little Club and Preston are susceptible). The resistance 
or relative susceptibility of each of these wheats to loose smut is 
shown in Table 4. As noted previously (Table 2), the varieties were 
pure-line selections. The plants were grown in the greenhouse from 
seed from hand-inoculated flowers. 


Table 4 . — The resistance or susceptibility to loose smut shown by four wheats 
having cell sap with similar hydrogen-ion and titratable-acid concentrations 











Heads 



C. I. 
No. 



Year 

grown 

Total 

Number 
of plants 
smutted 

Percent- 




Variety 

Classification 

num* 
her of 
plants 

of plants 
smutted 

Total 

num- 

ber 

Number 

smutted 

Percent 

smutted 

Kota._^-. 

6878 

Hard red 

spring 

1924 

90 

86 

95. 55 

487 

455 

93. 42 


| common. 

Little Club.,. 

4986 

Club 


1924 

160 

108 

156 

1 

97.50 

.94 

861 

271 

632 

97.08 
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Pentad and Preston are very resistant. Kota and Little Club are 
highly susceptible. It is evident, therefore, that no relation exists 
between the acid values of these varieties and their resistance or sus- 
ceptibility to loose smut. 

In studies of acidity of 1 -week-old wheat seedlings and varieties 
variously resistant to bunt, Hurd-Karrer {20) again found no relation 
between either the hydrogen ion or the titratable acidity and resistance. 
She found that Hussar (C. I. 4843), Little Club (C. I. 4060), Ridit (C. I. 
0703), and White Odessa (C. 1. 4051) were characterized by a relatively 
high titratable acidity. The data in Table 2 show that Ridit is ap- 
parently immune to loose smut, llussar is highly resistant, White 
Odessa is moderately resistant, and Little Club is extremely suscep- 
tible. Hurd-Karrer {20) also found that the varieties Hybrid 128 
(C. I. 4229), Jenkin (C. I. 5177), and Jones Fife (C. 1. 4408) were 
characterized by a relatively high hydrogen-ion concentration. Table 
2 shows that Jones File is moderately susceptible and Hybrid 128 
and Jenkin are highly susceptible to loose smut. The susceptibility 
of these varieties, and of Little Club with its relatively high titratable 
acidity, is further evidence that there is no causal relation between 
high acid concentration in the juice and ability to resist the invasion 
of Ustilago tritici. 

PHYSIOLOGIC STUDIES 

The foregoing results have shown that inherent differences in wheat 
varieties alone may be held accountable for differences in the percent- 
age of loose-smutted plants and heads, and that these differences may 
range from 0 to almost 100 per cent. 

That some environmental factors may have an important influence 
on the percentage of smuttedness within a variety also seems evident 
from the work of a number of investigators, as noted later, and from 
the experience of seed growers. With regard to the latter, the writer’s 
attention frequently has been called to cases in which the variously 
distributed portions of a single lot of seed, sown at different times and 
on different soils, produced widely varying percentages of smutted 
heads. It has been the object of these studies, therefore, to ascertain 
the modus operandi of some of the factors and the possibility of de- 
creasing loose smut in wheat through changes in agronomic practice 
which might reduce or completely control the disease. 

INFLUENCE OF WINTERKILLING ON THE OCCURRENCE OF LOOSE SMUT 

It has been noted by Coons and Spragg (9) in Michigan that 
infected wheat seems more likely to succumb to winterkilling than 
healthy wheat. In Virginia, Fromme 10 also has noted that infected 
seedlings seem less able to survive a severe winter. The relation 
between infection and susceptibility to winterkilling was studied 
by the writer in an experiment begun at the Arlington Experiment 
Farm, Rosslyn, Va., where the winters are relatively mild, and 
completed at Ithaca, N. Y., where the winters are relatively severe. 

In the Virginia test, conducted in 1920-21, 72 different wheat 
lots representing 45 recognized varieties were used. Equal numbers 
of healthy and infected seed of each lot were sown in alternate rows. 
The number of seedlings which emerged before winter and the number 


« Fromme, F, D. Op. cit. (See footnote 3.) 
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of plants which survived the winter and matured were recorded, 
as well as the percentage of smutted plants appearing in the latter. 
In the New York tests conducted in 1922-28 and 1924-25 a similar 
procedure was followed, but only a few varieties were used. The 
results in summarized form are presented in Table 5. 

Table 5 .-—Relative susceptibility of wheat seedlings from healthy and smut-i nfected 
seed to winterkilling when grown at Rosslyn , Va., and Ithaca, N . Y. 
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In each of the three years higher percentages of winterkilling 
occurred in plants grown from infected seed. In 1924 25 there was 
less winter injury to wheat in New York than usual, and the plants 
were grown in a sheltered area. For these reasons the 1922-28 
results doubtless are more representative of the usual condition in 
New York. 

At Ithaca, N. Y., fewer infected than uninfected seeds germinated, 
as shown in Table 5. Coons and Spragg (.9) also obtained a poorer 
stand as well as more winterkilling of the susceptible “Goings” when 
grown from infected seed. This was not true when the resistant Shep- 
herd’s Perfection was so grown. It seems probable, therefore, that 
the natural checks on loose smut in susceptible varieties, particularly 
in districts having severe winters, are (1) a reduction in the number 
of seedlings which emerge from infected seed and (2) a higher per- 
centage of winterkilling in the emerged seedlings from such seeds. 

INFLUENCE OF VEGETATIVE VIGOR OF WHEAT IN RELATION TO RESISTANCE OR 
SUSCEPTIBILITY TO LOOSE SMUT 

The work of Raines (31) and his review of many previous investiga- 
tions show that increase in vegetative vigor of susceptible plants may 
be accompanied by increase or decrease in virulence of the disease, 
depending upon the particular plant and disease in question. 

In a study of the effect of fertilizers on the susceptibility of barlev 
to loose smut, Lind (27) found that the addition of Chile saltpeter, 
superphosphate, and potash, alone or in various combinations, in- 
creased the percentage of loose smut on six plots out of seven. In 
a series of plots sown to wheat continuously and receiving different 
quantities of fertilizers, Fromme(12) found more loose smut in plants 
grown on soils of low fertility than on soils of high fertility. Similar 
observations were made in connection with stinking smut in green- 
house plots. Heuser (15) and Hil trier and Lang (16) obtained similar 
results with bunt in field-grown plants, but the latter report that cer- 
tain nitrogenous fertilizers appreciably increased both the vigor of 
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wheat plants and the percentages of loose smut which they produced. 
Tieman (36) found that fertilizers had very little influence on loose 
smut in wheat, except that phosphoric acid when used alone increased 
smuttedness. 

The influence of the vegetative vigor of wheat on its resistance or 
susceptibility to loose smut was studied further by the writer in two 
experiments. The first was conducted in the greenhouse in 1922-23 
and the second in the field the following year. In the greenhouse 
experiment, infected seed of Leap, a highly resistant wheat, and Goens 
(Red Chaff), a very susceptible wheat, was used. One hundred and 
twenty kernels of each variety were sown in a very rich soil, and a like 
number were sown in a very poor soil. The plants in the rich soil 
grew very vigorously, attained an average height of 35 inches, and 
produced an average of 4.87 heads per plant. The heads were large 
and well filled. On the other hand, plants on the poor soil grew very 
slowly, reached an average height of only 7 inches, and produced an 
average of only 1.11 heads per plant. The heads were small and 
poorly filled. It is evident, therefore, that the plants on the rich and 
the poor soils were extremely different in vegetative vigor. At 
maturity the height of the plants and the number of healthy and 
smutted plants and heads were recorded. The results are presented 
in Table 6. 


Tab uo 6 . — Influence of vegetative vigor on the occurrence of loose smut in Leap and 
Goens {lied Chaff) wheats grown in the greenhouse 
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When growth of the plants was vigorous, higher percentages of 
smutted plants and heads were produced, especially by the Leap 
variety. However, the average percentage of smutted heads pro- 
duced by vigorous plants of both wheats (35.83) was only slightly 
greater than that produced by weak plants of the two varieties (34.62). 

The second experiment was conducted in 1923-24. The infected 
seed used in the resistance studies of that year w as sown in the field 
in four successive plots numbered 1, 2, 3, and 4. Plots 1 and 4 were 
adapted for use in this special study. The procedure throughout the 
experiment was identical except that plot 4 received an application of 
manure at the rate of 20 loads per acre, and of phosphate at the rate 
of 200 pounds per acre, several weeks before the seed was sown. On 
each plot, 2,251 inoculated kernels, representing 70 different lots and 
60 different varieties, were sown on October 26, 1923. In the following 
summer a record was made of the number -of healthy and smutted 
heads on each of the plants which matured. A summary of the results 
is presented in Table 7. 
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Table 7. — Influence of vegetative vigor on severity of loose smut in 70 different lots 
of wheat (60 varieties) when grown in the field on fertilized and unfertilized plots 
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Seeds sown _ . . 
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24.29 

320 
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9. 23 
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That the application of manure and phosphate induced a more vig- 
orous growth is shown by the fact that plants on the fertilized plot 
produced an average of 2.4 more heads per plant than those on the 
unfertilized plot. Associated with this increase in vegetative vigor was 
a reduction in the percentage of smutted plants from 27.21 to 24.29 
and in the percentage of smutted heads from 12.06 to 9.23. 

The results obtained in the greenhouse and field experiments 
conducted by the writer, and those obtained by Fromme ( 12 ), Hilt- 
ner and Lang ( 16 ), and Tieman ( 36 ) , show that the vegetative vigor of 
wheat grown from seed infected with the loose-smut fungus has little 
influence on its susceptibility and is without practical significance in 
control. 

SUMMARY AND CONCLUSIONS 

Loose smut of wheat takes an estimated toll in the United States 
of over 10,000,000 bushels annually. Measures for controlling the 
disease rarely are applied, however, due chiefly (1) to the endemic 
nature of the disease and its ready escape from observation, (2) to 
the relative impracticability of all the known control measures, 
including the generally recommended modified hot-water treatment, 
and (3) to the fact that the latter generally reduces germination, 
retards emergence, and decreases yield. In view of this situation, 
the problem of controlling loose smut of wheat seems especially suited 
for solution by selecting or breeding resistant strains or varieties. 

The life history of the causal organism (Ustilago tritici) and the 
previous investigations on the control of loose smut in wheat are 
briefly reviewed. 

A comparative study was made of the anthesis of the susceptible 
Dawson (C. I. 6161) and the resistant Forward (C. I. 6691) wheats 
to determine a possible relation to resistance. No relation was 
found, the extent and duration of glume opening being practically 
the same for both varieties. The varietal -resistance studies, in 
which inoculum was artificially inserted within the flowers, showed 
further that resistance was not due to escape from inoculum. Ob- 
servations indicate that a very early or very late blooming may 
enable a variety to escape infection provided the variety itself is 
free from loose smut. 

The stage of anthesis in which wheat flowers were inoculated was a 
factor in the susceptibility of the plants to infection. Inoculation 
while the pollen was still immature caused higher infections than those 
when the pollen was ripe, but the inoculation of several highly re- 
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sistant varieties when the pollen was immature did not affect their 
resistance. 

In the varietal resistance and susceptibility studies, 102 recognized 
varieties and 132 different lots, mostly pure-line selections of eastern 
wheats, were tested from one to three years. The flowers were 
inoculated by hand. 

Pentad (C. I. 3322), the only durum wheat included in the experi- 
ment, was highly resistant. The three club wheats tested, Hybrid 
128 (O. I. 4229), Jenkin (C. 1. 5177), and Little Club (C. 1. 4060), were 
strikingly susceptible, the latter two containing over 97 per cent of 
smutted plants and heads. In view of the fact that loose smut occurs 
but rarely in the Pacific Coast States, where these wheats are mostly 
grown, it seems probable that the low atmospheric humidity which 
generally prevails there when the wheats are in bloom plays an 
important role in preventing their infection. 

In the common wheats the range of resistance ran from high sus- 
ceptibility to apparent immunity. The highly resistant varieties were 
relatively few, but one or more were found in each of the four com- 
mercial groups except the white wheats. Susceptible strains and 
strains which thus far have been resistant were found in the varieties 
Fulcaster, Gipsy, Harvest Queen, and Ked May. The following 13 
varieties have been tested for two or three years and have proved to be 
highly resistant or immune under the conditions of the experiment: 
Bacska (C. 1. 6156), Blackhull (C. 1. 6251), Forward (C. I. 6691), 
Fulcaster (C. 1. 3605), Hussar (C. I. 4843), Leap (C. I. 4823), Preston 
(C. I. 3081), Purplestraw (C. I. 1915), Ridit (C. I. 6703), Russian 
(C. I. 5737), Sol (C. I. 6009), Trumbull (C. I. 5657), and Wyandotte 
(C. I. 3549). 

The pure-line selections of Hussar (Red Hussar C. I. 4843) and 
Ridit (Smutproof C. I. 6703) were highly resistant to and immune from 
loose smut, respectively. These same selections also have proved 
highly resistant to stinking smut. 

Evidence was obtained indicating the presence of physiologic forms 
in Thtilago tritici. 

No correlation was found between the hydrogen-ion values or the 
titratable-acid values of the juice of wheat plants and their ability to 
resist the invasion of IJstUago tritici . 

More winterkilling occurred in plants grown from infected seed than 
in plants from uninfected seed, at Rosslyn, Va., and at Ithaca, N. Y. 

Wide differences in the vegetative vigor of wheat plants grown from 
seed infected with the loose-smut fungus had little influence on their 
susceptibility. 
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RELATION OF LEAF ACIDITY TO VIGOR IN WHEAT 
GROWN AT DIFFERENT TEMPERATURES 1 

By Annie M. Hurd-Karrer 

Associate Physiologist , Office of Cereal Crops arid Diseases , Bureau of Plant 
Industry , United States Department of Agriculture 

INTRODUCTION 

This investigation of the effect of temperature on leaf acidity was 
suggested by observations which indicated that any growth condition 
causing a decrease in the vegetative vigor of the wheat plant results 
in an increase in the acidity of its juice. For instance, winter wheats 
sown in the spring, which were so injured by unfavorable growth 
conditions that they failed to head, developed an abnormally high 
acid concentration ((S’). 2 These observations suggested that the 
acidity might vary consistently with the type of growth and so reflect 
the degree of adaptability of a variety to a given environment. 

By growing both spring and winter varieties at each of three differ- 
ent temperatures, plants were obtained which differed greatly with 
respect to vigor and capacity for normal development. Comparative 
measurements of the acidity and moisture content of these plants 
at intervals during the growing period have given information bearing 
on the relation between the plant’s morphological response to its 
environment and its chemical composition. 

METHODS 

Seed of the varieties Hard Federation (a spring wheat), Turkey 
(a hard red winter wheat), and Harvest Queen (a soft red winter wheat 
which is intermediate in its response to temperature) were sown on 
December 5 , 1927, in each of three greenhouses at the Arlington Exper- 
iment Farm, Rosslyn, Va. These greenhouses were maintained 
at different temperatures, referred to as low, medium, and high, 
respectively. The benches on which the plants were grown were 
located in the same relative positions in each house so that light 
conditions were the same for all. The soil moisture was kept as 
uniform as possible throughout. 

The temperatures were approximately controlled by hand regulation 
of the steam valves and ventilators. The air-temperature ranges 
were roughly 12°-18° C. in the low-temperature house, 20°-25° in 
the medium-temperature house, and 25°-30° in the high-temperature 
house. The corresponding soil temperatures were approximately 

1 Received for publication Mar, 19, 1929; issued September, 1929. 

* Reference is made by number (italic) to “Literature cited,” p. 349. 
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12°~15°, 18°-20°, and 23°-25°. At night the temperatures of both 
soil and air usually dropped to the lower limit of each range and 
sometimes below on cold nights. Until near the end of March the 
upper limits were exceeded only occasionally on warm afternoons. 
During April, however, only intermittent control of the low-temper- 
ature and medium-temperature houses was possible. The experiment 
was concluded early in April, therefore, when the plants were 18 
weeks old. 

The leaves of the plants selected for the determinations were ground 
to a pulp in a Nixtamal mill. The juice was expressed by squeezing 
it through cheesecloth. Its hydrogen-ion concentration and titratable 
acidity 3 were determined electromctrically according to methods 
described previously ( 6 ). The specific gravity of each sample of 
juice was determined by means of a small pycnometer. In order 
to clarify the portion of juice used for this measurement, it was heated 
to 60° C. before filtering. The percentage of dry matter in the leaves 
was determined by drying samples to practically constant weight at 
100 ° C - 

In order to obviate the effects of diurnal changes in the composition 
of the plants, they were always cut at about 10 o'clock in the morn- 
ing. The measurements were made as quickly as possible in the 
sequence of cutting, in order to minimize changes in the juice on 
standing. 

The plan of sampling throughout most of the experiment was to 
select plants of one variety growing at each of the three different 
temperatures for the samples taken on any one day. The correspond- 
ing measurements for the other two varieties were made on the two 
following days, or as soon thereafter as possible. The final values, 
obtained when the plants were 18 weeks old, were determined in a 
different order. To emphasize at this time the comparative effects 
of each temperature on the three different types of wheat, plants of 
the three varieties growing at one temperature were taken each day, 
until the plants at all three temperatures were sampled. 

Similar sampling plans were followed for the corresponding dry- 
weight determinations, although these were not always made on 
leaves cut on the same day as were the leaves for the juice samples. 

RESULTS 

Hard Federation, the spring wheat, grew vigorously and yielded 
well at both the low and the medium temperatures (12°-18° and 
20°~25° C.) and was the only variety to produce heads at the high 
temperature (25°-30°). The heads produced at the high temperature 
were mostly sterile, however, and the plants were very much stunted. 
(Fig. 1 .) Turkey, the winter wheat, grew normally at the low temper- 
ature, but it grew so poorly at the medium temperature that it pro- 
duced only a few heads, and at the high temperature it did not develop 
beyond the tillering stage. Harvest Queen grew normally at the low 
temperature, but heading was retarded and irregular at the medium 
temperature. Its development was so inhibited by the high temper- 
ature that it produced no heads, many of the plants never progressing 

* The terra 14 titratable acidity ” is used to indicate the quantity of N/20 NaOH required to bring the reac- 
tion of 10 c. c. of juice to i>H 8.3, the phenolphthalein end point. 
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beyond the tillering* stage. Some reached an early shooting stage at 
the age of about 22 weeks, but none developed farther. 

In Table 1 are given the hydrogen-ion, titratable-acid, and specific- 
gravity measurements and the dry-weight percentages for the leaves 



of representative plants of each lot, selected at intervals between the 
early tillering stage and the cessation of temperature control at the 
age of 18 weeks. 
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Table 1 — Comparative effects of different temperatures on the acidity and specific 
gravity of leaf juice and on the percentages of dry matter in the leaves of plants 
of certain spring and whiter wheat varieties 

[Homan type “tillering stage; italie“Shooting stage; boldface “period of head formation] 


Age 

(in weeks) 

{5 

(Ha 

12° -18° C. 

pring wheat 
rd Federation) 

Intermediate 
(Harvest Queen) 

Winter wheat 
(Turkey) 

20°-25° C. 

|25°-30° C. 

12°-18° C. 

20°-25° C 

d 

o 

o 

? 

o 

& 

12°-18° C. 

20°-25° C. 

25°-30° C. 

pH values 

5 

6. 25 

6. 02 

6.04 

6. 15 

6. 04 

5.94 

6. 10 

6.04 

5.91 

8 

6. 08 

6. 01 

5.90 

6. 11 

5.98 

5. 92 

6. 19 

6. 09 

5. 84 

9 

6*. 16 

6. 10 

6. 04 

6. 07 

6.02 

5.84 

6. 12 

5.90 

5.83 

12 

6. 12 

6.04 

6. 96 

6.09 

6.04 

5. 80 

0.01 

5. 95 

5. 79 

15-16 

6.11 

6. 10 

5 . 79 

6. 01 

5.90 

5. 64 

6. 89 

5. 85 

5. 65 

18 

0. 13 

6.07 

5 . 74 

5. 94 

5.85 

5. 65 

5. 84 

5.65 

5. 63 


Titratable acidity (c. c. N/20 NaOH to neutralize 10 c. c. of juice) 

5 

9.3 

7.7 

9.4 

9. 1 

7.1 

8.0 

9.9 

7.7 

9.6 

8 

7.4 

7. 1 

9. 6 

7.3 

6. 8 

8. 6 

7.5 

6.4 

9. 5 

9- 

7.0 

6.9 

7.6 

7.7 

6.1 

8.6 

8.4 

7.6 

8.7 

12 

6.7 

6. 1 

8.4 

7.2 

5.6 

8.8 

8.7 

6.9 

8.9 

15-16 

8.5 

7.5 

10.6 

8. 1 

7.6 

12.2 

9.2 

6.9 

10.8 

18 

8.4 

8.4 

13.3 

10.0 

9.0 

12.3 

11.1 

9. 7 

11.4 


Specific gravity of juice 

5 

1. 0328 

1. 0290 

1.0374 

1.0313 

1.0269 

1. 0320 

1.0289 

1. 0263 

1. 0293 

8 

1. 0295 

1.0289 

1. 0334 

1.0271 

1.0267 

1.0307 

1. 0305 

1.0266 

1.0326 

9.... _J 

1. 0226 

1. 0213 

1.0254 

1.0233 

1.0226 

1. 0271 

1.0271 

1.0251 

1.0271 

12 ! 

1. 0253 

1. 02 U 

1.0302 

1.0248 

1.0223 

1". 0296 

1.0331 

1.0259 

1.0311 

15-16 

1. 0300 

1.0289 

1. 0364 

1.0278 

1.0272 

1.0293 

1.0304 

J . 0269 

1.0317 

18 I 

1. 0278 

1. 0305 

1. 0391 

1 . 0268 

1. 0283 

1. 0335 

1.0292 

1.0316 

1.0335 


Percentage of dry matter in loaves 


3“ 

12.53 i 

10.84 

13. 69 

12. 45 

10. 19 

12. 93 

13. 88 

11.28 

13. 59 

5. 

15. 10 

1 13.96 

16. 62 

14. 54 

12.21 

15. 09 

13. 84 

12. 40 

14. 48 

8 

J 13.65] 

| 12. 57 

15.59 

12. 67 

12. 08 

15. 79 

14.02 

12.81 

14. 42 

9 

.! 12.48 ! 

12. 27 

H. 12 

11.65 

10. 85 

13. 13 

14.21 

12. 94 

13. 80 

12 

1 12.75 j 

12. 40 

15. 61 

12. 33 

12.11 

13.91 

15.60 

12. 16 

14.62 

15-16 

j 18.23 ] 

18.67 

20. 03 

17.50 

16. 26 

18.71 

14. 81 

14. 74 

14. 62 

18 

i 18. 08 

18.30 

24. 47 

16 . 64 

16. 37 

h 15.97 

17.32 

14.82 

15. 05 


« The dry-weight, percentages at the age of 3 weeks were determined in connection with another experi- 
ment, hut are included here because they wero made on the same plants and under conditions comparable 
with those of the other measurements. No measurements on the juice were made at this time. 

* Single determination; duplicate sample lost in drying. 


DISCUSSION OF RESULTS 

HYDROGEN-ION DETERMINATIONS 

The pH values in Table 1 show the extent to which the hydrogen- 
ion concentration of the leaf juice of wheat is determined by the tem- 
perature at which the plants are grown. In each variety the lowest 

E H values were obtained for plants grown in the high-temperature 
ouse. The only exception was Hard Federation at the age of 5 
weeks. Without exception, the highest pH values characterized 
plants grown in the low-temperature house. 4 


* In a later experiment (1929) a lower temperature range (approximately 11° to 14° C.) was maintained 
in the low-temperature house by means of automatic control devices. The rate of development of seedlings 
growing at this temperature was distinctly slower than that of the low-temperature seedlings of the experi- 
ment reported in this paper. Their pH values were lower (between 5.8 and 5.9) than those of the more 
rapidly developing seedlings of the next higher temperature (approximately 21° to 24° C.), which had values 
near pH 6.0. The experiment was repeated with similar results. So it seems that, although the hydrogen- 
ion concentrations of the present experiment all varied directly with temperature — a relation resulting from 
the fact that the best development occurred throughout at the lowest temperature — a still lower temperature 
range, one so low as to cause severe retardation of the seedlings, increases their acidity above that of seedlings 
grown at a more favorable temperature. This finding constitutes further evidence of the close relation be- 
tween the pH value and the vigor of growth. 



Sept. 1, 1929 


Relation of Leaf Acidity to Vigor of Wheat 


345 


It has been found ( 8 ) that the hydrogen-ion concentration of the 
juice of healthy wheat plants growing under greenhouse conditions 
remains relatively low throughout the vegetative period and increases 
during the maturation period, roaching a relatively high value by the 
soft-dough stage. In the present experiment only those plants which 
were highly vigorous (low-temperature Hard Federation and Harvest 
Queen and medium-temperature Hard Federation) maintained their 
original low hydrogen-ion concentration (near pH 6.0) throughout 
their vegetative period. The hydrogen-ion concentration of those 
plants which were somewhat less sturdy (medium-temperature Har- 
vest Queen and low-temperature Turkey 6 ) increased after about 
three months; and that of plants which were markedly stunted and 
retarded (high-temperature Turkey and Harvest Queen and medium- 
temperature Turkey) began to increase at an earlier stage. Thus 
external manifestations of the unfavorable effects of the high tempera- 
tures were found to be associated with evidence of an unbalanced 
metabolism. 

There was an eviden t relationship between the course of these changes 
in hydrogen-ion concentration and. the degree of adaptability of the 
variety to the particular temperature;'' For instance, the winter 
wheats, Turkey and Harvest Queen, showed the first and most 
severe injury at the high temperature. Their hydrogen-ion concen- 
trations rose sooner, and eventually to higher values, than did those 
of the spring wheat, Hard Federation, which was less injured by this 
temperature. 

The medium temperature brought out most clearly the differences 
in the climatic adaptability of the three varieties. Here Hard Feder- 
ation grew vigorously and maintained a normally low hydrogen-ion 
concentration throughout its development, whereas Turkey developed 
slowly and was characterized, as signs of injury became apparent, by 
increasing hydrogen-ion concentrations. Harvest Queen was inter- 
mediate with respect to its ability to develop at this temperature, 
and in its late stages, when retardation became apparent, it was 
intermediate with respect to hydrogen-ion concentration. 


Table 2. — The correlation between the hydrogen-ion concentration of the expressed 
juice of wheat and the vigor of the plants at the age of 18 weeks; as shown by their 
general appearance , stage of development , and height 






Approx- 


Condition of plants 

Variety and habit 

Temperature 

Stage of develop- 
ment 

imate 

height 

(cm.) 

pH 


[Hard Federation 

Low 

Past flowering-. 

130 

6. 13 

Group 1: 

(spring). 





Highly vigorous; nor- 
mal development. 

do 

Medium 

do 

105 

6 . 07 

Harvest Queen (inter- 

Low 

Heading - 

125 

5.94 

Group 2: 

Moderately vigorous; ir- 

mediate). 





/....do 

\Turkey fc (winter) 

Medium 

Shooting 

95 

5. 85 

regular heading. 

Low 

do 

85 

5.84 

Group 3; 






Injured; stunted growth; 

Hard Federation 

High 

Past flowering- 

65 

5. 74 

sterile heads. 

(spring). 




Group 4: 

(Turkey (winter) 

Medium 

Shooting 

65 

5. 65 

Severely injured; devel- 

1 Harvest Queen (inter- 
| mediate). 

High 

Tillering 

45 

5. 65 

opment arrested at an 



5.63 

early vegetative stage. 

(Turkey (winter) 

do 

do 

30 


4 The weaker growth of Turkey may have been partly due to shading, inasmuch as tho adjacent rows 
of Hard Federation and Harvest Queen were taller throughout the experiment. 


67472—29 3 
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In Table 2 the pH values obtained at the age of 18 weeks, when 
the experiment was concluded, are grouped according to the relative 
degree of vigor of the plants at that time, as indicated by a com- 
parison of their general appearance, stage of development, and height. 
In considering the data in this table in connection with the appear- 
ance of the plants shown by the photograph in Figure 1, taken four 
weeks later, 6 it should be noted that the lesser vigor of the plants in 
Group 2 as compared with those in Group 1 was obvious not only 
from their retarded development but also from their irregular head- 
ing which gave them a ragged appearance. 

Table 2 shows the degree of correlation between the hydrogen-ion 
concentration and the relative vigor of each different lot of plants. 
The most vigorous plants all had pH values between 5.94 and 6.13, 
and the most injured ones all had pH values between 5.63 and 5.65. 
Reference to Table 1 will show that the plants in the most severely 
injured group had lower pH values than the rest at each sampling 
period after about the first two months. These high acid concentra- 
tions were evidently indications of the abnormality which resulted 
eventually in inability to produce heads 

It appears, then, that the absolute magnitudes of the pH values 7 
reflected the physical condition of the plants. Values above pH 5.9 
were obtained for healthy, vigorously growing plants regardless of 
variety. Values near 5.8 were obtained for moderately vigorous 
plants. Values as low as 5.65 were obtained' only for slow-growing, 
extremely stunted plants. 

There is considerable evidence that a slight increase in hydrogen- 
ion concentration often occurred before the adverse effects of an 
unfavorable environment could be ascertained by visual inspection. 
The plants with pH values as low as 5.9 in early stages of develop- 
ment were all considered healthy but they showed subsequently a 
diminution in vigor. Apparently, under the conditions of this experi- 
ment, a value near 5.9 during the vegetative period constituted a 
prediction of the subsequent appearance of symptoms of injury or 
retardation. 

The conclusions of this experiment, in so far as they relate to abso- 
lute pH values, probably can not be extended to situations where 
the environmental complex is different. Light and soil conditions, as 
well as temperature, affect the hydrogen-ion concentration and deter- 
mine the normal values for a given set of conditions (f , 4, &y 10, 11 , 
15). Thus the hydrogen-ion concentrations* obtained for some of the 
best field plants at the Arlington Experimental Farm were consider- 
ably higher than those for the vigorous greenhouse plants. Field 
plants of Harvest Queen, Shepherd, and Purplestraw had pH values 
of 5.74, 5.72, and 5.75, respectively, during the shooting stage, when 
the most vigorous greenhouse plants all had pH'values above 6.0. 
However, the field plants wore shorter than these best greenhouse 

? lants, and their leaves were narrower and their culms less thick. 

erhaps the tall, broad-leaved greenhouse plants, with their low con- 
centrations of hydrogen ions, should be considered abnormally 


• The rapid elongation of the culms of Harvest Queen during these four weeks was responsible for the 
difference between the relative heights of the different lots of plants as given in Table 2 and as shown in 
Figure 1> 

7 It should be noted that. these absolute values are only significant, from the standpoint of vigor, 
during the period pf vegetative development and up to the time during the maturation period when the 
normal increase in hydrogen-ion concentration begins. 
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vigorous. At any rate, their pH values consistently reflected the 
apparent difference in their vegetative development as compared to 
that of the field plants. 

The persistent association of high hydrogen-ion concentration with 
lack of vigor recalls the fact that abnormal acidity of animal fluids 
also is associated with injury. Van Slvke in his studies of acidosis 
(16) found that the normal reaction of blood is between pH 7.3 and 
7.5, and that values below 7.0 or above 7.8 are incompatible with 
life. It is not unreasonable to suppose that the plant also is very 
sensitive to changes in the reaction of its tissue fluids. Of course 
it is impossible to conclude that the high hydrogen-ion concentrations 
found in unhealthy plants have a causal association with injury. 
They may be merely incidental. 

TITRATABLE ACIDITY, SPECIFIC GRAVITY, AND DRY-WEIGHT PERCENTAGES 

Unlike the hydrogen-ion concentrations, the titratable-acidity 
measurements were not directly correlated with the temperatures 
at which the plants were grown. (Table 1.) The lowest values 
were generally obtained for the medium-temperature plants, which 
had also the lowest specific-gravity measurements and dry-weight 
percentages, up to the time of the final measurements when poor 
temperature control made comparisons uncertain. Although wheat 
is a low-temperature plant (2, 14, 77), these plants grew more rapidly 
than those at either the lower or the higher temperature during early 
stages of growth. Dickson (2) and Tottingham (14) also found that 
in early stages wheat grows more rapidly at temperatures above the 
optimum for growth at later stages and for maturation. 

Reed (18) states, in connection with his conclusion that rapid 
vegetative growth is associated with high water intake and low sap 
concentration, that soil moisture seemed to be the determining factor. 
In the present experiment, the relatively high water content of the 
medium-temperature plants could not have been due to a higher soil 
moisture. In fact, the soil often was drier and rarely appreciably 
wetter than the soil in the other houses. 

Under the conditions of these experiments, the titratable acidity of 
the juice usually varied directly with the specific gravity; i. e., with 
the total concentration of solutes. This conclusion is borne out by 
the fairly high correlation coefficient, 0.7314, which is obtained on 
considering all the titratable-acid and specific-gravity data as a group, 
regardless of the temperatures at which the plants were grown. The 
degree of correlation of these measurements is shown graphically in 
Figure 2. 

The high-temperature plants generally had the highest titratable- 
acid concentrations as well as the highest specific-gravity measure- 
ments and the highest percentages of dry matter. In general it may 
be said that plants grown at temperatures so high that they are pre- 
vented from heading are characterized by higher acidity measure- 
ments and lower water content than are plants that develop nor- 
mally. However, the titratable-acid measurement did not vary so 
consistently with the external appearance of the plants as did the 
hydrogen-ion concentration, which, by virtue of the buffer system, is 
independent of dilution within fairly wide -limits (9). 
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The inhibiting effect of high temperature on the growth and matura- 
tion of wheat, especially of winter wheat, is in agreement with the 
observations of Dickson (2), Tottingham (14), Pojarkova (12), and 
others. Dickson (3) found that a change in the type of metabolism 
occurs at about those temperatures at which the change in morpho- 
logical response occurs. lie found a progressive decrease in sugars 
and dextrins in wheat grown at temperatures above 16° or 20° C. 
Tottingham (14) points out that temperature determines the type of 
metabolism by controlling the equilibrium between certain anabolic 
and catabolic reactions. He suggests that, since the rate of respiratory 
activity doubles between the relatively low and high temperatures of 
15° and 25°, respectively, while the increase in rate of assimilation is 
appreciably less, such an increase in temperature should decrease the 
carbohydrate-protein ratio. His analyses show low-temperature plants 
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Figure 2.—Correlation between titratable acidity (c. c. N/20 NaOH) 
and specific gravity of wheat juice 

to be characterized by a higher carbohydrate and protein content than 
are high- temperature plants. 

It appears from the results of the present experiment that low-tem- 
perature plants are characterized also by lower hydrogen-ion con- 
centrations than are high-temperature plants, 8 and that the extent 
of the increase in acidity induced by high temperatures is indicative 
of the susceptibility of the individual variety to injury at the given 
temperature. In other experiments it has been observed that not 
only high temperature but any condition that appreciably lowers the 
vigor of the plant (6, 7, 8) causes an increase in the acidity of the juice. 
At least in the case of wheat and corn it has been found to be generally 
true that a high degree of vegetative vigor results in normally low acid 
concentrations, and, conversely, that poor growth is associated with 
abnormally high concentrations. 


* See footnote 4. 
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CONCLUSIONS 

The concentration of hydrogen ions in leaf juice of Hard Federa- 
tion, Harvest Queen, and Turkey wheats grown at temperatures of 
12°-18°, 20°-25°, and 25°-30° C., respectively, was found to be lowest 
at the low temperature and highest at the high temperature. 

The medium-temperature plants of all three varieties grew most 
rapidly at first, and almost without exception had the lowest titratable 
acidity, specific gravity, and dry-weight percentages throughout their 
vegetative stages, or as long as the temperature differences in the 
greenhouses could be maintained. The high- temperature plants 
generally had the highest titratable acidity, specific gravity, and 
dry-weight percentages. 

The magnitudes of the titratable-acid values were closely correlated 
with those of the specific-gravity measurements at all three tem- 
peratures. 

The pH value reflected the degree of adaptability of each variety to 
the different temperatures. Those plants which were best adapted, 
as shown by their vigorous growth and development, had pH values 
near G.O throughout the experiment. ‘ Those plants which were so 
injured that they failed to develop beyond the shooting stage 
developed much higher hydrogen-ion concentrations, extreme injury 
being accompanied by values near 5.6 while the plants were still in a 
vegetative stage. 
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ADDITIONAL HOSTS OF FUSARIUM OXYSPORUM VAR. 

MEDICAGINIS 1 

By ,J. L. Weimer 

Senior Pathologist, Office of Forage Crops and Diseases , Bureau of Plant Indus- 
try, United Stales Department of Agriculture 

INTRODUCTION 

In recent publications 2,3 the writer described a wilt disease of alfalfa 
caused by Fusarium oxysporum var. medicaginis , n. var. Since this 
fungus so closely resembles F. oxysporum morphologically and yet 
differs from it parasitically, it was thought that a further study of its 
host range should be made. With this in view, field and greenhouse 
experiments were conducted, the results of which are recorded in this 
paper. 

GROWTH TESTS AT WEST POINT, MISS. 

As the fungus is present in the soil of the Government experiment 
farm near West Point, Miss., it was thought desirable to grow different 
plants that might serve as hosts in this infested soil. II. L . Westover, 
agronomist in charge of the station, put at the writer’s disposal one 
of the alfalfa plots in which the disease seemed to be most prevalent. 
Counts made of the plants from 3-yard-square sectors, one at each 
end and one at the center of this plot, showed that an average of 12 J /2 
per cent of the plants were infected. The crop of hay was removed 
and the ground was plowed and put into condition for planting. Tw o 
rod rows of each crop, located as far from each other as possible, were 
used in the test. Seeds of the following crops were planted on April 24, 
1927. Acala cotton, Lone Star cotton, Early Black cowpea, Whip- 
poorwill cowpea, Peking soy bean, Wilson Five soy bean, Tom Watson 
watermelon, Lespedeza, crimson clover, hairy vetch, white sweet clover, 
yellow sweet clover, black medic, w r hite clover, Horsford’s Market 
Garden pea, Oregon red clover, and tomato. 4 

Observations were made on these plots throughput the season by 
T. F. Akers, superintendent of the experiment farm, who sent plants 
suspected of having the disease to the writer. The experiment was 
discontinued on September 1, 1927, at which time all of the plants 
were pulled and the roots split open to determine if there w r as any 
evidence of vascular browning. Isolations were made from all plants 
showing discoloration in the bundles. Two of the tomato plants 
developed wilt, but Fusarium lycopersici was obtained from them. 

1 Received for publication Feb. 28, 1929; issued September, 1929. These investigations were conducted in 
cooperation with the Kansas Agricultural Experiment Station. Paper No. 288 of the Department of Botany 
ana Plant Pathology, Kansas State Agricultural College. 

2 Weimer, J. L. a wilt disease of alfalfa caused by fusarium sp. Phytopathology 17: 337-338. 
1927. 

* Weimer, J. L. a wilt disease of alfalfa caused by fusarium oxysporum var. medicaginis, n. 
var. Jour. Agr. Research 37: 419-433, illus. 1928. 

4 Tomato plants purchased at the store; variety not known, but they were not resistant to Fusarium 
lycopersici . 
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Three of the red-clover plants showed typical vascular browning 
from which a species of Fusarium resembling F. oxysporum var. 
medicaginis was isolated. However, this fungus failed to infect 
alfalfa plants in subsequent trials. No Fusarium wilt was found in 
anv of the other plants. Of the specimens sent by Akers, the alfalfa- 
wilt Fusarium was obtained only from hairy vetch. The infected 
plants were dying, and the stems showed some splitting and a little 
vascular browning. Isolations were made and a culture of what 
appeared to be F. oxysporum var. medicaginis was obtained. On one 
of his visits to West Point the writer found some garden peas and 
some common vetch plants which were dying and also showed evidence 
of vascular browning. Isolations were made from both the peas and 
the common vetch, and a fungus resembling F. oxysporum var. 
medicaginis in its cultural characters was obtained from each. These 
fungi, together with the one from hairy vetch, were later inoculated 
into alfalfa plants by inserting the spores and hyphae into wounds, 
and they produced 100, 100, and 90 per cent infection, respectively. 
The typical Fusarium-wilt symptoms were produced in the alfalfa 

f )lants, and the Fusarium was recovered in each case. This leaves 
ittle doubt that garden peas, common vetch, and hairy vetch, under 
certain conditions, may also serve as hosts for this species of F usarium. 

GROWTH TESTS AT MANHATTAN, KANS. 

As a check on the experiments at West Point, Miss., similar tests 
were made at Manhattan, Kans. Here the soil was not infested 
with the fungus; hence the plants had to be inoculated. This was 
designed also as an alfalfa-variety test. Two rod rows of 16 different 
varieties of alfalfa as well as one row of each of the following plants were 
planted on a uniform piece of well-drained clay soil: Lespedeza, black 
medic, hairy vetch, white clover, yellow sweet clover, white sweet 
clover, Oregon red clover, crimson clover, Vida sativa, Horsford ’s Market 
Garden pea, Midwest soy bean,Manchu soy bean, Trice cotton, Tom Wat- 
son watermelon, John Baer tomato, and Whippoorwill, Early Red, 
Early Buff, and Taylor cowpeas. In some cases one-half of one 
row and in other cases one-half of both rows of alfalfa were inocu- 
lated on June 7, 1927, by pouring a heavy spore suspension about the 
base of the plants. One-half of the plants of garden pea, soy bean, 
cotton, cowpea, and tomato were inoculated both by pouring a 
spore suspension about the plants and by inserting spores and hyphae 
into wounds in the tap root slightly below the surface of the soil. 
The remainder of the plants in each case were held uninoculated as 
controls. 

The garden peas were pulled and examined on July 25. One 

( )lant which had been inoculated without wounding and three inocu- 
ated in wounds showed slight vascular browning. Isolations were 
made from three of the plants, and Fusarium oxysporum var. medi- 
caginis was recovered from one of them, but not from the other two. 
This fungus produced wilt in alfalfa plants in a later experiment and 
was again recovered. There was no infection in any of the controls. 
These, together with the results obtained at West Point, show that 
the alfalfa- wilt fungus can cause a disease of garden peas. Only a 
comparatively small percentage of infection was obtained, and the 
vascular browning was rather slight in extent and seemed to be lim- 
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ited largely to the root. The plants infected remained small, and 
the leaves withered and died, those below dying first. 

No infection was found in any of the other plants, except in one 
alfalfa plant of the Grimm variety. The fact that only one alfalfa 
plant became infected indicates that conditions were not very suit- 
able for infection. However, not all of the perennial plants were 
pulled, the presence or absence of infection being judged by the top 
symptoms. 

A further test of the susceptibility of different varieties of alfalfa 
was made by reinoculating the same lots of plants in June, 1928. 

The fungus used was grown on sterilized oats in 1-liter flasks, so 
that a large quantity of inoculum was available. Ten plants of each 
variety were inoculated by inserting spores and hyphae beneath the 
bark of the taproot near the crown. Other plants were inoculated 
by pouring the infested oats into a trench about the crowns of the 
plants and covering them with soil. The number of plants inoculated 
varied with the variety. In some cases only about 10 were available, 
whereas in others probably as many as 100 were used. 

On September 7, 1928, all of the inoculated plants were dug, and 
the roots were cut open and examined carefully for the presence of 
vascular browning. All of the diseased plants were sectioned and 
studied microscopically, and abundant hyphae were found in the 
tracheal tubes. No isolations were made, as typical symptoms to- 
gether with the presence of abundant hyphae in the ducts were 
considered sufficient evidence of the presence of the wilt disease. 
Only five plants in all were infected. Two of these were of the 
Grimm, two of the Hardigan, and one of the Turkestan variety. 

Since only one plant was infected in 1927 and five in 1928, no 
conclusions can be drawn with respect to the comparative suscep- 
tibility of the varieties used. It seems apparent that some conditions 
at Manhattan, Kans., are not suitable for the infection of alfalfa by 
the wilt fungus. 

SUMMARY 

Hairy and common vetch and garden peas have been found to be 
susceptible to Fusarium oxysporum var. medicaginis , the alfalfa wilt- 
producing fungus. 

An attempt was made to study the comparative susceptibility of 
16 varieties of alfalfa under field conditions at Manhattan, Kans., 
but the plants that became infected were so few in number that no 
conclusions could be drawn. 




VITAMIN CONTENT OF HONEY AND HONEYCOMB 1 


By Hilda Black Kifer, Junior Nutrition Chemist , and Hazel E. Munsell, 
Senior Nutrition Chemist, Bureau of Home Economics , United States Depart- 
ment of Agriculture 

INTRODUCTION 

Honey has been considered a valuable food since earliest times. 
Consisting as it does of a mixture of dextrose and levulose it is easily 
digested, and this fact may account in part for the good results 
obtained when it is used in the diet, especially in infant feeding. 
Since honey can be used to advantage in the diet of infants the 
question arose as to whether it might not be a source of some or all 
of the vitamins. A review of the literature revealed the fact that 
very little work had been done in the way of determining quantita- 
tively the vitamin content of honeys. 

REVIEW OF LITERATURE 

Butcher (3) 2 determined the vitamin B content of honey obtained 
while basswood and white clover wCfe in full bloom, using pigeons 
in his work. The tests were made by absorbing the vitamin of the 
honey on Lloyd's reagent and feeding amounts equivalent to 45 gm. 
of honey. Nectar was tested in the same manner. Duteher con- 
cluded that the strained honey contained a negligible amount of 
vitamin B and that there was little evidence of its presence in nectar. 

In 1919 Bachman (/) found that 25 c. c. of a strained honey added 
to 75 c. c. of water and used in Nagel's solution did not furnish the 
vitamin necessary for the growth of yeast. 

Faber (4) in 1920 made a study of the antiscorbutic value of a 
white-sage comb honey which was extracted before using. Guinea 
pigs were used, and all of them exhibited characteristic scurvy symp- 
toms when fed a solution of 1 part of honey to 15 parts of water, 
which was later increased to 1 part of honey to 5 parts of water. 
The quantity of honey consumed ranged from 0.88 to 5.58 c. c. of 
honey per 100 gm. of initial body weight. Faber concluded that it 
was “ probable" that honey contained no antiscorbutic vitamin. 

Hawk, Smith, and Bergeim (5) determined the vitamin A, B, and C 
content of blended honey, white-clover honey, and honeycomb. For 
vitamin B their method consisted in feeding three groups of rats, 
respectively, (1) a diet free from vitamin B; (2) one in which blended 
honey replaced part of the starch; and (3) one in which white-clover 
honey replaced part of the starch. At the end of four weeks the diets 
were changed. Group 1 was divided and half the rats w r ere given blended 
honey and the other half white-clover honey. After another two 
weeks all were given milk. From the results obtained, Hawk and 
his associates concluded that there was a small amount of vitamin 
B present in these honeys. Following a similar procedure for the 


1 Received for publication Feb. 12, 1929; issued September, 1929. These studies wore carried on with 
the cooperation of the Bureau of Entomology. U. S. Department of Agriculture. 

1 Reference is made by number (italic) to “Literature cited,” p. 366. 
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vitamin A determination, they found that strained honey contained 
no vitamin A, whereas a definite but minimal amount was present in 
the comb honey. For the vitamin C test they fed three groups of 
guinea pigs in the same way; that is, they gave one group the scorbutic 
diet, a second group the same diet with blended honey to replace a 
part of the starch, and a third group the same diet with clover honey 
to replace the starch. All developed scurvy within two weeks, showing 
that the honeys contained no vitamin C. 

In 1922 Luttinger (6) gave a general report of his findings on the use of 
honey in infant feeding in which he states that he found vitamins 
A, B, C present in 82 per cent of the honey examined. No experi- 
mental evidence was presented to bear out this statement. 

Scheunert, Schieblich, and Schwanebeck (#), in 1923, examined 
three samples of honey for vitamins A, B, C, and concluded that none 
of the samples contained vitamins. 

Caillas (£), in 1925, reported work done with pigeons which seemed 
to show that fresh honey contained vitamin B. The number of birds 
used, however, was too small to make the results very convincing. 

DESCRIPTION OF HONEYS TESTED 

Since it was out of the question to make an exhaustive examination 
of honeys of all the principal floral sources, three samples representing 
the extremes of color variation were chosen for investigation. None of 
the honeys had been heated as is often the case with extracted honey. 
•Honey No. 1 was a white-clover honey from Grover Hill, Ohio. This 
was in a granular state when received. Honey No. 2 was a buck- 
wheat honey, very dark in color, produced near Varysburg, N. Y. 
Honey No, 3 was a light-colored white-clover honey from Middlebury, V t. 
It was drained from the comb and the comb was pressed as free from 
adhering honey as possible and was also used in feeding tests. 

EXPERIMENTAL DATA 

VITAMIN A DETERMINATIONS 

The method used for vitamin A determinations was essentially 
that of Sherman and Munsell (11) with a few modifications. 

The basal diet consisted of casein (purified), 18 per cent; starch, 67 
per cent; brewery yeast, 10 per cent; Osborne and Mendel salts, 4 
per cent; table salt, 1 per cent. The diet was irradiated with the 
light from a mercury vapor quartz lamp to insure an abundance of 
vitamin D. The rats were fed the vitamin-A-free diet until station- 
ary or declining weight and appearance of symptoms due to vitamin 
A deficiency indicated that their body stores of vitamin A were 
depleted. As soon as the rats were in a suitable condition to be used 
for tests they were weighed and placed in individual cages. A weighed 
amount of the vitamin-A-free food was given to each rat and the 
honey was fed as a daily supplement to this diet. 

Honeys No. 1 and No. 2 were fed in amounts of 1, 2, and 3 gm. 
per day. The plan of feeding daily portions of honey to the rats 
required a great deal of time. For this reason honey No. 3 and the 
honeycomb were incorporated in the basal diet in place of 30 per cent 
of the starch. In each Utter one or more animals were designated as 
controls and received only the basal diet during the test period. The 
test period was continued for eight weeks, or until it was terminated by 
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the death of the rat. If the rat did not live out the eight weeks the 
last recorded weight is that of the dead rat. Autopsies were performed 
on all animals to determine whether the gross pathological lesions 
shown by animals confined to a vitamin-A-free diet were present. 
Table 1 gives the weights and survival periods of the rats used for 
these tests. Curves showing the changes in weight made by averag- 
ing results from the groups of test animals are presented in Figure 1. 
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Figure 1 .—Curves showing changes in weight made during the test period by groups of rats fed 
honey or honeycomb as the sole source of vitamin A. Each curve is the average result of sev- 
eral tests. The amount of honey or honeycomb received by each rat six times per week is indi- 
cated on each curve. The change in weight for the group is represented by a solid line to the point 
where the death of the first animal occurred. The broken line represents the averages for the 
surviving animals until all had died 


None of the rats receiving the honey or honeycomb lived out the 
full eight weeks of the test period, nor did they live on an average 
any longer than the control rats. In all cases the rats fed honey and 
honeycomb exhibited as severe pathological lesions as those that 
received no honey in addition to the basal diet. 
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Table l .-*—' Weight records of rats fed honey and honeycomb as the sole source of 

vitamin A 

WHITE-CLOVER HONEY (NO. 1) 


Quantity of 
honey fed 
per rat per 
day, 6 days 
per week 
(grams) 

Rat No. 

907 

922 

923 
937 
968 
976 
993 
996 

11 10 
1123 

Weight 
of rats 
at age 
of 4 
weeks 

Weight 
of rats 
when 
feeding 
of 

honey 

was 

begun 

Weight of rats at end of successive weeks of test period 

Peri- 
od of 
sur- 
vival 

1 

Grams 

65 

62 

52 

64 

83 

68 

92 

70 

69 

78 

2 

3 

4 

5 

Grams 

52 

50 

42 

54 

6 

7 

8 

0 ... 

Grama 

64 

50 
48 

51 
61 
54 
59 

52 
36 
45 

Grama 

67 

65 
58 

66 
80 
71 
88 
77 
80 
85 

Grams 

68 

63 

60 

68 

98 

88 

85 

74 
56 

75 

Grams 

74 

71 

56 

78 

86 

85 

84 

70 

53 

76 

Grams 

67 

54 

59 

77 

71 

77 

77 

66 

Grams 

Grams 

Grams 

1 













60 

66 

50 














58 









Average 
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53 

70 

64 

63 

70 

64 

54 




91 


921 

46 

55 

53 

51 

57 

53 

45 




91 


936 

58 

79 

71 


83 

77 j 

69 




82 


972 

56 

61 

53 

49 







59 

2. 0 

974 | 

54 

70 

67 

82 

83 

79 

66 

55 " 

51 


93 


994 1 

P.7 

83 

77 

77 

60 

61 

57 




79 


1107 1 

64 

116 

95 

95 







63 


1120 | 

45 

92 

84 

80 

79 

60 (• 




61 

Average __ 
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924 

44 

52 

45 

50 

49 

45 





77 


926 

42 

50 

45 

48 

52 

44 

36 




84 


933 

62 

76 

64 

67 

86 

92 

82 

67 



89 

3.0 

934 

52 

66 

58 

60 

67 

62 

49 




84 


971 

67 

67 

62 

81 

84 

70 

59 




81 


996 

55 

86 

84 


76 

60 

58 




78 


1119 

46 

95 

88 

83 

78 

77 

71 

— 
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67 

Average. 
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80. 0 


BUCKWHEAT HONEY (NO. 2) 



1366 

1373 

1391 

1396 

1404 

1405 
1415 
1420 

55 

48 

55 

52 

57 

58 

59 
54 

134 

111 

130 

120 

136 

124 

139 

111 

123 

91 

no 

96 

125 

113 

123 

109 

109 

91 

105 

98 

127 

121 

100 

95 

84 

68 

104 
96 

112 

105 


j 



55 

56 

70 

65 

74 

as 

48 

56 

66 

88 

65 

109 

77 

; 
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85 
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73 
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ms 

81 

69 





59 


1372 

53 

117 

102 

90 

82 

74 

74 




66 


1390 

59 

147 

120 

93 

88 






54 

0 

1393 

55 

115 

m3 

95 

94 

98 

76 

72 



74 


1403 

61 

157 

125 

115 

95 

94 



57 


1407 

56 

118 

97 

109 

100 

82 

67 
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1417 

52 
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104 

80 
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137 
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49 

1 , 

1392 

49 

126 

94 

99 

94 

80 

68 




69 


1402 

63 

153 

135 

107 

89 






54 


1406 

67 

126 

96 
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90 

77 
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91 
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Table 1. — Weight records of rats fed honey and honeycomb as the sole source of 

vitamin A — Continued 


LIGHT-COLORED WHITE-CLOVER HONEY (NO. 3) 


“ 



Weight 

Weight of rats at end of successive weeks of test period 1 

quantity of 


Weight 

of rats 




honey fed 
per rat per 


of rats 

when 

feeding 



| 

od of 

day, 6 days 

Rat No. 


of 




sur- 

per week 



honey 

1 2 3 

4 

5 0 | 7 

8 vival 

(grams) 



was 








begun 



i 




Grams 

Grams 

Grams Grams Grams 

Grams 

Grams Grams Grams 

Grams Grams 


f 2008 

58 

114 

1 02 93 80 


! 

1 05 


3080 

57 

131 

1 08 95 79 



. ! 05 

0. 

3089 

52 

114 

105 93 80 

09 


1 09 


l 3092 

49 

no 

105 92 70 




05 








...j 60.0 










2903 

63 

137 

101 



i 54 


2904 

02 

120 

113 109 89 



! 07 


2900 

57 

134 

94 


! 

j 54 


2907 

58 

98 

87 . . . . 

.... 

. . L_ .... 

51 


2909 

55 

1 18 

109 90 94 

70 


1 70 

Average, 1. 5 

2910 

54 

J 15 

85 95 85 

84 

72 1 . . i .. ... 

_ _ . . 83 

(30 per 

2911 

50 

100 

82 



54 

cent o f 

308/> 

57 

125 

118 98 94 

80 

! : 

70 

diet) 

3087 

50 

104 

87 *4 . 


I ! 

53 


3088 

50 

123 

105 108 90 

92 

1 j 

72 


3090 

51 

105 

95 90 78 

70 

04 

70 


3091 

50 

117 

100 87 80 



00 


3093 

40 

100 

94 91 83 

03 



72 

A vernge 






j 





I"'"' _ 



1 






HONEYCOMB 




3128 

58 

114 

107 107 1 83 

72 ! | L 

05 


3129 

57 

117 

110 88 74 

J I 

62 


3131 

1 M 

112 

100 94 80 

88 

09 . 

........ 74 


3141 

70 

153 

144 132 ! 110 

97 


08 


3142 

I 04 

130 

128 119 1 101 

100 

83 


0 

3145 


111 

105 102 j 75 

05 


00 


3444 

j 59 

145 

120 97 ! 90 



58 


3445 

57 

124 

101 90 I 84 


I 

. 00 


3448 

! 52 

110 

105 89 85 

09 


70 


3450 

44 

102 

94 84 07 

00 


04 

Average . 




• -■ 


1 - 1 

. 00. 2 


3125 

01 

134 

112 100 | 86 

84 

1. 

04 


3127 

59 

122 

110 107 80 

72 

I 

... 70 


3130 

50 

114 

105 92 78 

74 

! 

07 

Average, 1. 1 

3132 

47 

100 

90 82 03 


1 ' 

59 

(20 per 

3144 

00 

130 

119 90 95 

84 

j 76 

73 

cent of 

3143 

54 

111 

107 94 74 



02 

diet) 

3140 

57 

117 

110 92 

85 

j 70 

76 


3440 

55 

120 

80 


{ 

49 


3447 

52 

114 

95 80 


1 

53 


3449 

52 

103 

100 85 79 

05 

1 

67 

Average 






1 

64. 0 







1 



These results indicate that no one of these three samples of honey 
nor the honeycomb contained an amount of vitamin A that could 
be detected by the method used for measuring this factor. 


VITAMIN B DETERMINATIONS 

The determination of the vitamin B content of the three samples 
of honey was completed before the multiple nature of vitamin B 
had been generally recognized. The method used was that of Sherman 
and Spohn {12), which makes no distinction between the two vitamin 
B factors. All rats were kept in cages having raised screen bottoms 
and were given a basal diet of casein (purified) 18 per cent, starch 
68 per cent, butterfat 8 per cent, cod liver oil 2 per cent, Osborne 
and Mendel salts 4 per cent. Honey No. 1 was fed in amounts of 
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1, 2, and 3 gm. per rat per day. The other two samples were incor- 
porated in the basal diet and replaced 30 per cent of starch; the 
honeycomb replaced 20 per cent. The test period is usually eight 
weeks, but all of the animals used for these tests died before the 
end of the eighth week. The results are shown in Figure 2 and Table 2. 
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Figure 2. -Curves showing changes in weight made during the test jieriod by 
groups of rats fed honey or honeycomb as the sole source of vitamin B. Each 
curve is the average result of several tests. The amount of honey or honeycomb 
fed to each rat^ix times per week is indicated on each curve. The change in 
weight for the group is represented by a solid line to the point where the death 
of the first animal occurred. The broken line represents the averages for the 
surviving animals until all had died 

Table 2. — Weight records of rats fed honey and honeycomb as the sole source of 

vitamin B 

WHITE-CLOVER HONEY (NO. 1) 


Quantity of honey 
fed per rat per 
day, 6 days per 
week (grams) 


Average . 


1 . 0 -. 


Average. 


2 . 0 .. 


Average. 


Rat. 

No. 


988 

1142 

1304 

1398 


985 

987 

1137 

1143 

1305 

1307 

1397 

1400 


1138 

1139 
1303 
1306 
1399 
1401 


Welght| 
of rats 
at age 
of 4 
weeks 

Q rams 
46 
44 
50 
50 


Weight of rats at end of successive weeks of test period 
4 


Grams 

38 

40 

51 

50 


Grains\ 

37 

40 

49 

52 


44 

41 

41 

37 

51 

54 

44 

47 


Gramsi 

34 

37 

44 

45 


6 


Gramsi Qrams\ Grams] 
25 


Grams 


Grams 


Period 
of sur- 
vival 


Grams 

28 

45 

35 

30 


34. 5 


28 

28 

46 

36 

34 

35 
42 
40 


25 

28 

46 

36 

35 
34 

36 

37 


34*6 
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Table 2 . — Weight records of rats fed honey and honeycomb as the sole source of 

vitamin B — Continued 

BUCKWHEAT HONEY (NO. 2) 


Quantity of honey 
fe4 per rat per 
day, 6 days per 
week (grams) 


0 . 


A verage 


Average, 0.7 (30 per 
cent of diet). 


A verage _ 


Rat 

No. 

Weight 
of rats 

Weight of rats at end of successive weeks of test period 

Period 

at age 
of 4 
weeks 

1 

2 

3 

4 

5 

6 

7 

8 

of sur- 
vival 

( 1901 

Grams 

45 

Grams 

41 

Grams 

41 

Grams 

36 

Grams 

30 

Grams 

20 

Grams 

Grams 

Grams 

Grams 

34 

1908 

41 

40 

30 

31 

25 




20 

\ 1972 

41 

39 

37 

33 

27 





28 

1980 

35 

34 

31 

27 

25 





24 

1 1989 


32 

29 

20 

21 

19 





30 













28.4 



; 








1902 

44 

41 

42 

38 

33 

27 

26 



38 

1903 

42 

41 

38 

31 

25 



34 

1904 

48 

45 

44 

41 

35 

29 

27 



38 

1905 

40 

4J 

37 

35 

31 

28 

28 



39 

j 1960 

45 

40 

39 

35 

30 

26 



33 

1907 

42 

40 

38 

35 

27 

25 




31 

1909 

32 

30 

28 

27 

23 

20 




35 

1970 

44 

39 

4 1 

37 

33 

35 

25 

22 




32 

1971 

44 

39 

29 

24 

24 



36 

1973 

41 

39 

38 

38 

36 

34 

33 

29 

25 

25 



36 

1974 

31 

20 

22 



33 

1984 

35 

30 

31 

27 

23 

21 




30 

1980 

34 

33 

32 

33 

30 

34 

30 

27 

25 

21 




30 

1987 

30 

21 




28 

1988 

32 

30 

28 

29 

24 

23 




32 

1990 

37 

35 

32 

28 

23 


1 


35 

1991 

1992 

35 

34 

31 

31 

31 

32 

27 

29 

23 

24 

i 21 
: 21 



31 

30 




i i 







I 33.4 

1 1 ! I 


i 




1 


LIGHT COLORED WHITE-CLOVER HONEY (NO. 3) 


Average , 


cent of diet,). 


A verage . 





— 

— 

— 


' 


. . — 


3010 

1 49 

49 

45 i 

41 

34 

30 

1 ! 

31 


3014 

! 45 

40 

43 i 

38 ! 

32 

27 



31 


3015 

45 

45 

42 

30 1 

31 

29 _ ... 



30 


3072 

52 

50 

48 

40 ! 

30 

32 



32 


3075 | 

52 

48 

44 

43 | 

38 

33 ! 28 




38 


3079 ! 


41 

38 1 

38 j 

30 

29 L. 



29 


3081 

45 

41 

37 j 

30 | 

30 

20 : 



31 






1 



31.7 


... 









3009 

50 

52 

49 ! 

44 ! 

38 

33 I i 

! 


31 


3011 i 

48 

50 

49 

41 j 

34 

33 

__j 


30 


3012 

47 

47 

45 ! 

40 ' 

33 

30 5 



30 


3013 

49 

50 

47 

42 i 

35 

31 i 



30 


3010 

45 

47 

44 

40 

1 32 

30 ; 


; * 

30 

to per 

- 3071 

55 

,50 

51 ; 

40 

39 j 

30 ! 


1 

35 


3073 

52 

52 

50 ! 

44 

38 

35 1 



31 


3074 

53 

49 

49 ! 

43 

2.5 

32 L 



30 


3077 

48 

40 

44 ; 

42 

38 ' 

33 | 



31 


3078 

48 

43 

42 

38 

33 

29 L 


i 

31 


, 3080 

45 

40 

39 : 

34 

31 



1 

31 





! 


1 



30. 9 





i 


i 





HONEYCOMB 



3173 

50 

48 

I 45 

39 

34 

31 

: 

29 



40 


3174 

50 

48 

I 45 

38 

33 

29 




34 

Average. 0.5 (20 per 
cent of diet). 

3175 

47 

43 

42 

35 

32 

28 




34 

3176 

45 

44 

41 

36 

30 

28 




33 

3177 

48 

45 

42 

35 

31 

28 




33 


3178 

47 

45 

41 

34 

31 




27 


. 3179 

46 

44 

39 

34 

31 





| 28 







Average 











32.7 







r 

1 





67472—29 4 



Table 3 . — Weight records and autopsy findings of guinea pigs receiving honey as the sole source of vitamin 
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No one of the honey samples nor the honeycomb enabled the rats 
to live any longer or to make any greater gains in weight than the rats 
that received no additions to the basal diet. These results show that 
the honeys and honeycomb examined contained no vitamin B. 

VITAMIN C DETERMINATIONS 

The method used to determine the vitamin C content of honey was 
that described by Sherman, LaMer, and Campbell (10). No tests 
were made on the honeycomb. The basal diet described by Sherman 
(9) consisted of skim-milk powder heated at 110° C. for 4 hours, 
30 per cent; a mixture of equal parts commercial rolled oats and 
wheat bran, 59 per cent; butterfat, 10 per cent; table salt, 1 per cent. 
The guinea pigs were somewhat heavier at the beginning of the test 
period than the standard animal described by Sherman. Some diffi- 
culty had been experienced in other work in getting the smaller 
guinea pigs to eat the basal diet satisfactorily. In these tests the 
preliminary period was continued until it was ascertained beyond a 
doubt that the guinea pigs would eat the basal diet. 

The honey was fed apart from the basal diet, and the test period 
was continued in each case until the guinea pig died. Honey is not 
relished by guinea pigs, and the feeding required a great deal of time 
and patience. The intake of honey was calculated as grams per day 
per 300 gm. of initial body weight. Table 3 gives the results of the 
feeding tests. For purposes of comparison each plus ( + ) under 
autopsy findings has been given a value of 1 and these have been 
totaled for each animal. 

On an average the guinea pigs that had the honey did not live 
appreciably longer than those that had none. Before death and at 
autopsy all showed symptoms of scurvy that were as severe as the 
symptoms shown by the control animals. It is evident from these 
results that the three samples of honey examined contained no 
appreciable amounts of vitamin C. 

VITAMIN D DETERMINATION 

The method for testing for vi tamin D is identical with that described 
in a previous paper (7). Young rats approximately 60 grams in 
weight were placed on the Steenbock low phosphorus diet consisting 
of yellow corn, 76 per cent; wheat gluten, 20 per cent; calcium car- 
bonate, 3 per cent; and sodium chloride, 1 per cent, for 21 days, at 
which time they showed evidences of a rachitic condition. The 
honey was then fed during a test period of not less than 6 nor more 
than 15 days. At the end of the test period a line test was made 
according to the method described by McCollum (15). While this 
method may not be entirely satisfactory for quantitatively measuring 
vitamin D it seemed to us to be preferable to any other method 
worked out to date. 

The three honeys tested were incorporated in the basal diet to the 
amount of 30 per cent, 10 per cent, and 20 per cent, respectively, 
and the honeycomb as 10 per cent. In each litter of rats used for 
testing honey No. 1 there was one or more control rats which were 
given 0.5 per cent cod-liver oil during the test period instead of honey. 
This plan of having positive controls was not considered necessary 
in the tests with the other samples. 
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Summaries of the results of these tests are given in Table 4. As 
all of the line tests with the honeys and the honeycomb were negative, 
the results with individual rats are not given. X-ray photographs 
were also made of the rats used in these determinations. These 
pictures check the line tests made on the corresponding rats in that all 
showed severe rickets. From these results it would seem that none 
of the honeys examined nor the honeycomb contained any amount 
of vitamin D that would cause calcium deposition in rats which 
had been maintained for 21 days on the Steenbock low-phosphorus- 
yellow-corn diet. 


Table 4. — Summary of tests made to determine the vitamin D content of honey 
and honeycomb as compared with a cod-liver oil supplement 

WHITE-CLOVER 1IONEV (NO. 1) 


Test food in the diet (per cent) 


30. 0- 


1 

D of r ^r Number 

; &K i of cases 

! 

Average 
intake of 
honey per 
100 gm. 
of rat per 
day 

Average 
value of 
line test 

i Days 

f 0 11 

Grains 

i 

0 

I 11 1 5 

l 

0 

] 13 ; f> 

! 

! 0 

1 15 ! 1 


0 

f 11 ! 13 

i 2.30 

0 

1 12 2 

[ 1.98 i 

0 

1 13 i 13 

1 2.39 I 

0 

l 1*5 i 1 

| 2.49 

0 


COD-L1VER OIL 


0.5.. 


BUCKWHEAT HONEY (NO. 2) 


0 .. 


10 . 0 .. 
20 . 0 .. 


f 9 

! 15 

11 

i 2 

1 _ 

(NO. 2) 

0 

4 1 

{ 13 

2 

1 15 

4 


2 

\ W 

3 

l 15 

3 

J 13 

l 15 

2 i 

2 | 

1 


0.04 

.(H 


0.70 | 
.07 
.70 ' 
1.45 
1.42 


LIGHT-COLORED WHITE-CLOVER HONEY (NO. 3) 


0 

20 . 0 .. 


/ 0 

3 

0 

1 15 

3 

0 

f 13 

12 

1.49 0 

t 15 1 

12 

1.50 0 


HONEYCOMB 


10 . 0 .. 


/ 0 

1 


0 

l 13 

1 


0 

f 9 

3 

0.80 

0 

1 13 

3 

.79 

. 0 
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CONCLUSION 

The three samples of honey examined were produced in widely 
separated localities and represented extremes of color variation. 
No detectable amounts of vitamins A, B, C, or D were found in 
any of the honeys or in the honeycomb. 
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CORRELATED INHERITANCE IN A WHEAT CROSS BE- 
TWEEN FEDERATION AND A HYBRID OF SEVIER x 
DICKLOW 1 

By George Stewart, Agronomist in Charge of Plant' Breeding, and D. E. Hey- 
wood, Graduate Assistant , Utah Agricultural Experiment Station 

INTRODUCTION 

Several wheat characters, such as culm length, spike density, and 
awn classes, have been shown to exhibit rather complicated in- 
heritance. This paper reports a study of the inheritance and of the 
correlated inheritance of these and some other plant characters in a 
cross between Federation and a hybrid of Dicklow X Sevier (111 C-18). 

LITERATURE 

The literature wdiich applies to inheritance of the wheat characters 
herein reported has recently been rather thoroughly reviewed by 
Clark ( 8), 2 by Hayes and Garber (5), and by Stewart (7). For this 
reason only references which bear directly on the particular problems 
under discussion arc cited. 

DESCRIPTION OF PARENTS 

Federation has been rapidly growing in importance in Utah and 
Idaho as an irrigated wheat. This is largely due to its high-yielding 
ability and to its habit of not lodging under irrigation. Its straw is 
short and stiff, and its glumes are dark bronze in color. It is classed 
as an awnless w r heat (4), yet short-tip awns or beaks are usually 
present. 

Different characters were measured on the 37 parent rows which 
were grown along with the F 3 progenies. The mean values for these 
are given below: 


Length of longest culm to base of spike cm._ 75. 34 

Spike density — length of one raehis internode mm__ 5. 02 

Length of awn do 5. 05 

Neck thickness do 2. 40 

Culms per plant number. . 10. 13 


III C-18 is one of the high-yielding hybrid strains selected by 
Stewart at the Utah experiment station from a Sevier X Dicklow 
cross. It inherits to some extent, at least, the weak straw of its 
Sevier parent. Its glumes are white, and it is fully awned. 

Measurements of plant characters of III C-18 in the 37 parent 
rows gave the following mean values: 


Length of longest culm to base of spike cm 91. 96 

Spike density — length of one raehis internode mm__ 2. 62 

Awn length do 73. 07 

Neck thickness do 2.34 

Culms per plant number.. 9. 46 


1 Received for publication Jan. 30, 1929; issued September, 1929. Contribution from the Department of 
Agronomy, Utah Agricultural Experiment Station. Publication authorized by director, ian. 25, 1929. 

* Reference Is made by number (italic) to “Literature cited," p. 392. 

“The author Is indebted to Dr. H. K. Hayes, of the Minnesota Station, for helpful criticisms in 
studying the data and arranging the manuscript. Dr. Fred Griflee of the Maine Station has also 
made several valuable suggestions.” 
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These measurements show the culm length of III C-18 to be about 
17 cm. greater than that of Federation. The spike is nearly twice 
as dense; the awns have considerable length. In neck thickness and 
in number of culms per plant the parents are almost alike. 

EXPERIMENTAL PROCEDURE 

The cross between a pure line of Federation and the pure line 
III C-18 was made in 1 924 at Logan, Utah. The Fj plants were grown 
in 1925, and the F 2 families in 1926. One of the most vigorous of 
these families was chosen to continue the experiment. The F 2 
family chosen contained 354 plants. The plants were divided accord- 
ing to awn appearance into four groups, designated as awn class 
1, 2, 3, and 4, or merely as awns 1, 2, 3, and 4. The plants in the 
group of awn class 1 had practically no awns at all, though most of 
them bore short beaks. At the apex of the spike there was an oc- 
casional short awn. Considerable care was taken to have this group 
correspond in awn development to that of the Federation parent. 
Plants belonging to awn class 4 were fully awned to correspond to the 
awn development of the other parent III C-18. The plants in awn 
class 2 bore intermediate awns with the principal awn development 
in the apical part of the spike. It was the intention to make this 
group correspond in awn development with that of the Fi plants. 
The plants in awn class 3 were likewise intermediate in their awn 
development. The apical awns, however, were considerably longer 
than those of awn class 2, and short, awns were found quite generally 
all the way down the spike, In awn class 2, on the other hand, the 
awns were limited largely to the apical third of the spike, with a few 
awn points below, but even these were almost entirely in the upper 
half of the spike. 

Plants were separated into two classes for glume color, bronze and 
white. Spike density was obtained by measuring 10 internodes on a 
leading spike of each plant. The measurement was taken in the 
middle of the spike so as to avoid the internodes of irregular length 
both at the base and at the apex. The length of the longest culm 
was measured to the base of the spike. Awn length was obtained 
by measuring the length of one of the longest awns near the apex of 
each spike. The neck thickness was obtained by measuring with 
calipers the diameter of the culm in the thinnest place just below the 
spike. Care was taken not to crush the straw. 

The data were so taken and recorded that all those from a given 
plant could easily be traced to that plant. This permitted the study 
of correlation. 

Grains from each F 2 plant seeded an F 3 progeny row in 1927. 
Forty to fifty kernels spaced 3 inches apart were sown in each F 3 
row except when an F 2 plant furnished fewer kernels than this. The 
rows were spaced 1 foot apart. 

Since each F 2 plant seeded one F 3 progeny row, it was possible to 
use the breeding behavior of the F 3 progenies as the basis for classi- 
fying the F 2 plants. This method is definitely superior to the method 
of classifying the F 2 material, especially when studying complicated 
characters and characters which exhibit intermediate inheritance. 

After each tenth progeny row the two parental varieties, Federa- 
tion and III C-18, were sown side by side. These parental rows 
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were spaced and seeded in the same manner and at the same time 
as were the progeny rows. In all, there were 37 parental pairs. 
This procedure made it possible to study progeny characters in con- 
nection with parental characters. 

When the grain was ripe each F 3 row was carefully harvested by 
pulling individually the plants in the row. The plants of each row 
were bundled, tied, and tagged. During the winter months each 
plant from each F 3 progeny and from each parental row was studied 
in the laboratory in the manner previously described. 

The usual number of plants in each progeny ranged from 25 to 40. 
In some progenies there were fewer than this and in many there 
were 40 or more. In each row of the 37 pairs of parental rows there 
was a similar number of plants. Measurements and classifications 
were made on the basis of what the genetic material contained. No 
theory of inheritance was considered until all data were taken and 
tabulated. 

EXPERIMENTAL RESULTS AND THEIR INTERPRETATION 

After all the data were secured and recorded, studies were made 
of those concerned with each individual character and then with 
correlations between characters. Data regarding color of glume and 
also regarding awn classes could be readily grouped into homozygous 
and heterozygous progenies for study of inheritance of individual 
characters. The characters awn length, length of the longest culm, 
number of culms, spike density, and nock thickness involved a 
definite figure for each plant in an F 3 progeny. A mean value for 
each character measured was calculated, together with standard 
deviations and coefficients of variability. Studies of the comparative 
size of these constants showed whether it was possible to segregate the 
progenies into homozygous and heterozygous groups, or whether 
segregation could not be established. When the correlation studies 
were made the mean values of the F 3 progenies were the figures 
used, the mean of an F 3 progeny being regarded as more accurate 
than an individual figure from a single F 2 plant. 

INHERITANCE OF INDIVIDUAL CHARACTERS 

Inheritance studies were made of the following individual char- 
acters: Glume color, awn classes, awn length, length of longest culm, 
number of culms, and spike density. 

Glume Color 

Eighty- two F 3 progenies were homozygous for bronze glumes, 
176 were heterozygous for color of glumes, and 96 were homozy- 
gous for white glumes. These numbers suggest the 1:2:1 ratio 
which has been previously observed by several other workers. There 
is probably a single-factor difference for color of glumes. The good- 
ness of fit on this hypothesis is shown in Table 1. x 2=== 1-1186 and 

P — 0.5782, which is a good fit. 
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Table 1 .- — Goodness of fit of three groups of Fa progenies for glume color, compared 

with a 1 : 2 : 1 ratio 


[Grown in 1927 at Logan, Utah] 


Progeny group 

Calcu- 
lated 1 
value (C) i 

! Observed 
value (O) 

O-C 

(O-C)i 

(O-C)* 

c 

Homozygous bronze . . . 

88. 5 

82 

—6. f) 

42. 26 

0. 4774 

Heterozygous 

177.0 

176 1 

- 1.0 

1.00 

. 0050 

Homozygous white 

88. 5 

96 

+ 7 . 5 

56.25 

i 

! . 6356 


x*** 1.1 186. P=0.5782. 

Awn Classes 


Figure 1 shows typical heads for each of four homozygous awn 
classes. Figures 2 to 5 show homozygous F 3 progenies for awn classes 
1, 2, 3, and 4. Besides these homozygous classes there were five 
segregating classes of progenies, namely, those segregating for awn 
classes 1 and 2; those for awn classes 1, 2, and 3; those for awn classes 
1, 2, 3, and 4; those for awn classes 2, 3, and 4; and those for awn 
classes 3 and 4. 



Figure 1.-— Type of awns found in the four awn classes of Federation X III C-18 wheat that are 
true breeding in the F 3 generation. In every case there is a somewhat greater awn development 
on the longer lax spikes. These classes are not purely theoretical; they were decided upon after 
a careful study of the F 3 progenies 


There were, therefore, nine genotype classes into which the F a 
progenies were arranged in the following numbers: 

Progenies 


1. Homozygous awn 4 23 

2. Segregating awn 3, 4 38 

3. Segregating awn 2, 3, 4 43 

4. Segregating awn 1,2, 3, 4 81 

5. Homozygous awn 3 24 

6. Segregating awn 1, 2, 3 I 46 

7. Homozygous awn 24 

8. Segregating awn 1, 2 50 

9. Homozygous awn 1 * 1 25 
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These numbers suggest a ratio of 1 : 2 : 2 : 4 : 1 : 2 : 1 : 2 : 1 , which would 
theoretically be obtained when 2-factor differences segregate inde- 
pendently. 

Stewart (7) has suggested two linked factors with 35 per cent cross- 
ing over to explain the awn-class inheritance in Sevier X Federation 



Figure 2.— One head from each plant of an F* progeny of Federation X III C-18 wheat breeding 
true for awn class 1. These plants are not really awnless but have a few short awn points. The 
Federation parent showed a similar range in awn points 


crosses and in a cross between a Sevier X Dicklow hybrid (G 149) 
and Federation (<S). 

The awn-class inheritance in the Federation X III C-18 can be 
explained on a 2-factor difference only where independent segregation 
rather than linkage occurs, such as the Howards found in a cross 
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some years ago ( 6 ). This suggests that the hybrids III C-18 and 
G 149 both derived from Federation X Sevier crosses and both fully 
awned have different genetic constitutions for awn classes. One 



Figure 3. Representative heads from about half the plants of an Fa progeny of Federation X III C-18 
wheat breeding true for awn class 2; the entire range is showrp These spikes bear short awns, but 
they are limited to the upper spikelets 



Figure 4.— Representative heads from plants of an Fa progeny of Federation X III C-18 wheat 
breeding true for awn class 3. While some of these awns are quite long, none of them attain full 
length. The upper spikelets bear rather long awns while the middle and lower spikelets bear 
well-developed snort awns and awn points 

explanation which might be offered for this difference is that the 
Sevier variety of wheat is a composite of rather variable lines. One 
Sevier pore line when crossed with Dicklow may have given the 
Strain which behaves like G 149, while another Sevier pure line crossed 
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with Dicklow may have given the III C-18 strain which behaves 
differently. 

Since Federation X III C-18 shows no linkage, the assumption is 
here made that at least one of the awn factors in III C-18 is different 



Figure 5 —Representative heads from plants of an Fs progeny of Federation X III C-18 wheat 
breeding true for full-length awns of class 4. Long awns are borne on all spikelets except those 
at the very base of the spike. The lax spikes have the longer awns 


from that in G 149. The factors designated for the Federation X 
G 149 cross (4) were A (a) and T {t). This use of the dominant 
factors to indicate the presence of awns does not follow Biffen (1 ) and 
others, who have regarded lack of awns^as the dominant condition. 
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When the Fi condition is as nearly intermediate as in the case of 
awns in wheat, there seems no real reason for not using the dominant 
to represent the presence of the positive character. For the Fed- 
eration X III C-18 cross, let it be supposed that the factor A is the 
same as in the above cross but that T is not operative and is desig- 
nated as tt } but that the factor B acts the same as T except that it is 
not linked with A. The awn classes would then be designated as 
follows : 

Awn 4 = A A tt BB j 
Awn 3 — AA tt bb 4 j 
Awn 2 — aa tt BB ^ 

Awn 1 — aa tt bb u* 

Table 2. — F 2 awn-class genotypes, their expected proportions on an independent 
segregation basis , and their expected breeding behavior 


No. 

Genotype 

Expected 

propor- 

tions 

Expected breeding behavior 

1 

AA tt BB 

1 

Breed true for awn class 4. 

2 

AA tt Bb 

2 

Segregate for awn classes 3, 4. 

3 

Aa tt BB 

0 

Segregate for awn classes 2, 3. 4. 

4 

Aa tt Bb | 

4 

Segregate for awn classes 1, 2, 3, 4. 

6 

A A tt bb 

1 

Breed true for awn class 3. 

(i ' 

Aa tt bb 

2 

Segregate for awn classes 1, 2 , 3. 

7 

aa tt BB 

1 

Breed true for awn class 2. 

8 ! 

aa tt Bb 

2 

Segregate for awn classes 1, 2. 

•1 

aa tt bb 

1 

Breed true for awn class 1. 


Table 2 shows the nine F 2 awn-class genotypes, their expected ratio, 
and their breeding behavior based on the above assumption. The 
goodness of fit between the observed data and the expected frequen- 
cies is given in Table 3. On the basis of nine segregating classes, x 2= = 
3.0961 and P= 0.9270, which is an extremely good fit. A worse fit 
due to chance alone is to be expected in 93 out of 100 cases. 

Table 3 . — Goodness of fit of nine awn-genotype classes of h\ progenies when com- 
pared with a 1 : 2 : 2 : 4 : 1 : 2 : t : 2 : 1 ratio which would theoretically be ob- 
tained when a 2-factor difference segregates independently 

[Grown in 1927 at Logan, Utah] 


Calcu- 

Observed 



(0-0 2 

lated 

value 

o-c 

(O-C)* 

value <(./) 

(O) 


' c 

22. 125 

23 

+0. 875 

0. 76.56 

0. 0346 

44. 250 

38 

-6. 2.50 

39. 0625 

.8828 

44. 250 

43 

-1. 250 

1. 5625 

. 0353 

88.500 

81 

-7.500 

56. 2500 

.6356 

22.125 ! 

24 

4- L875 

3.5156 

. 1589 

44.250 

46 | 

+ 1.750 

3. 0625 

. 0692 

22. 125 | 

24 j 

+ 1.875 

3. 5156 

. 1.589 

44. 250 

50 

! +5. 750 

33. 0625 1 

.7472 

22. 125 | 

25 J 

; +2.875 

8. 2656 

. 3736 


x 2 = 3.0961. P= 0.9270. 


It is interesting to note the resulting numbers in the four awn 
classes when the F 2 population was classified. The 354 F 2 plants were 
classified in 1926—27 before planting time just as were the F a progenies 
a year later. The numbers obtained for each of the awn-class groups 
were as follows: 

Awn 4— 49 F 2 plants 
Awn 3= 35 F 2 plants 
Awn 2=106 F 2 plants 
Awn 1 — 164 F 2 plants 
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These data when compared with the F 3 data indicate that the F 2 
plants which will breed true in F 3 may resemble rather closely other 
F 2 plants which will segregate in the F 3 generation. In handling data 
of this sort it is much more accurate to classify the F 2 genotypes on 
the basis of their F 3 breeding behavior than on the basis of the 
appearance of the F 2 plants. 


Awn Length 

When the data on the F 3 progenies were first being secured it was 
thought to be unnecessary to measure the short-tip awns found on 
awn class 1 plants, but after about 90 of the progenies had been 
worked it was decided that this figure would be useful. The No. 1 
awns were measured for the remainder of the progenies. Only the 
progenies in which all awn classes present were measured were used 
in making calculations of awn-length data. Since there was a fair 
representation in each awn-class group after eliminating the progenies 
in which the No. 1 awns were not measured, it is believed that the 
tables and calculations represent the material fairly accurately. 

The mean awn length of the various awn classes together with 
their standard deviations and coefficients of variability are shown in 
Table 4. 


Table 4. — Mean length of the awns on progenies belonging to true-breeding awn 
classes 1, 2, S, and U and to five segregating groups , together with the standard 
deviation (S. D.) and coefficient of variability (C.V.) for each awn-class group 


[Grown in 1927 at Logan, Utah] 


! 


Type of progeny 


True breeding for class: 

l 


3 . . 

4. 

Segregating for classes: 

1 , 2 

1 , 2 , 3 

1 , 2, 3, 4 

2, 3, 4. 

3, 4 


Mean awn 
length 

Standard 

deviation 

Coefficient 
of varia- 
bility 

Mm. 

Mm. 

Per cent 

3. 47 

2. 17 

f>2. .54 

16. 51 

4.43 

28. 56 

31.30 

7. 70 

24. 60 

(if). 48 

8. 40 

12.64 

7. 33 

5. 52 

75. 31 

19.05 

12. 92 

67. 82 

25.83 j 

19. 74 

76. 42 

37. 20 

19. 50 

52. 58 

48. 0f> 

10.36 

34. (VI 


Table 5. — A um-lengih classes of the means of parental rows and of b\ progenies 
arranged according to coefficient s-of -variability (C. V .) classes of the individual 
rows of each parent and of the 0 awn-class-genotype groups of the F 3 progenies 


[Grown in 1927 at Logan, Utah] 
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Table 5. — Awn-length classes of the means of parental rows and of Fa progenies 
arranged according to coefficients-of -variability (C. V.) classes of the individual 
rows of each parent and of the 9 awn-class-genotype groups of the Fa progenies — 
Continued 


Parent or progeny 

Number of plants in awn-length classes (millimeters) 

To- 

C. V. 

2.6 

7.5 

12.5 

17. 5 

22.5 

27. 5 

32. 5 

37.5 

42. 5 

47.5 

52.5 

57. 5 

62.5 

67.5 

72.5 

77.5 

82.5 

tal 

classes 


(l 

















1 

40.00 

Homozygous for 

6 

1 
















7 

60.00 

awn class 1 

1 

















1 

80.00 


ll 

















1 

100.00 



















Total or mean _ 

9 

1 
















10 

62.54 



















[1 


1 















2 

40.00 

Segregating for 

5 
















6 

60.00 

awn classes 1 

J 

14 

1 















15 

80.00 

and 2 

2 

3 
















6 

100. 00 


[l 

















1 

120.00 


















Total or mean . 

4 

22 

2 















28 

75. 31 








... 









Homozygous for 
awn class 2 



7 

10 














17 

20.00 

i 


2 

4 














6 

40.00 



















Total or mean . 



9 

14 














23 

28.56 





















1 

1 













2 

40.00 

Segregating for 
awn classes, 1, 2, 



















60.00 




3 

i 













9 

80. 00 



7 

4 














11 

100.00 

and 3 — ... 


















120.00 




2 















2 

140.00 




















Total or mean . 

--- 

... 

14 


2 
























24 

67. 82 




3 



~T 



_ 


1LS. 







1 

40. 00 

Segregating for 




.... 


i 

"~2 











3 

60.00 

awn classes l, 2, 





’T 

8 

3 

.... 










29 

80.00 

3, and 4 




6 

4 

2 












12 

100.00 





3 














3 

120. 00 



~ 
















Total or mean _ 




18 

12 

12 

5 

1 










48 

96. 42 






77LZZ, 









Homozygous for 





1 

7 

7 

2 

4 









21 

20. 00 

awn class 3 

u 





3 












3 

40.00 




















Total or mean . 





1 

10 

7 

2 

4 









24 

24.60 




















Segregating for 
awn classes 2, 3 
and 4 

77 







1 


1 








2 

20. 00 

I 






”4’ 

3 

”4” 

1 








12 

40. 00 

L 




.... 

"T 

6 

0 

5 

1 

.... 







25 

60.00 


l~ 






1 , 

1 










3 




















Total or mean - 






i 

3 

n 

14 

t| 

3 

“T 



■ ■' 1 




42 

52. 58 







: 










Segregating for 
awn classes 3 and 4 . 

77. 








4 

1 

4 







9 

20.00 

- 






.... 

“T 

3 

10 

5 

"5" 

"I ' 





28 

40.00 

L 







1 








1 

60.00 
















.. .. 



Total or mean . 

... 

... 

— 






1 

4 

7 

u 

9 

5 

1 

.... 







38 

34.04 

Homozygous for 

TT. 





= 





1 

4 

5 

4 

1 

5 

2 

22 

10.00 

awn class 4 









.... 









1 

20.00 




















Toral or mean. 







...J 


1 


1 

4 

5 

4 

1 

5 

2 

23 

12.64 


















Table 5 shows the arrangement in awn-length classes and coeffi- 
cient-of-variability classes of the nine awn-class genotypes. Stand- 
ard deviation and coefficient-of-variability constants were both used 
in studying awn length. In the homozygous awn 1 group and in 
the awnless parent groups standard deviation seemed better to rep- 
resent the true condition of the material on account of the very 
small mean awn length which unduly accentuated the size of the 
coefficients of variability. Usually tne coefficient of variability is 
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the constant to use, and the one which was used for the classes 
shown in Table 5. It merely meets a mechanical difficulty in the 
case of the group ordinarily spoken of as awnless. 

As shown in Table 6, homozygous-awn classes, except awn class 
1, show a small range in coefficients-of- variability classes and also 
in mean coefficients of variability. 

Table 6 . — Range of the coefficients of variability ( C . V.) and mean coefficient of 
variability of awn length in the parent rows in the four homozygous awn classes 
and in the segregating awn classes 

[Grown in 1927 at Logan, Utah] 


Rows or progenies 

1 

Range in C. V. 

Mean C. V. 

Parental rows: 

Per cent 

Per cent 

Federation. - . . - • 

39. 8 to 70.7 

58. 13 

III C-18 

6. 7 to 20. 7 

11.50 

True breeding for — 



Awn class 1 

42. 7 to 103. 0 

02. 54 

2 

17. 9 to 33.4 

28. 50 

3 

18. 7 to 32. 0 

, 24. 00 

4 

7. 7 to 25. 0 

12. 04 

Segregating for — 4 



Awn classes 1, 2 . .. j*-. 

43. 2 to 116. 2 

75. 31 

1,2,2 . 

39. 9 to 133. 9 

07. 82 

1, 2, 3, 4 . 

45. 2 to 123. 2 

70.42 

2, 3, 4 

23. 8 to 84. 8 

52. 58 

3,4 

26. 6 to 53. 2 

34. 04 


The segregating awn classes all show a greater range and a higher 
mean coefficient of variability than do the homozygous classes, ex- 
cept the awn 1 group, which has been discussed. It might be expected 
that the longer-awned classes would show a greater range and higher 
mean standard deviation but a smaller mean coefficient of variabil- 
ity than do the shorter-awned classes. This is borne out by the 
figures. 

The higher coefficients of variability (C. V.) in segregating classes 
tend to show that eye classification of awn classes was fairly accu- 
rate. The coefficients of variability are from two to three times as 
great in the segregating classes as in the corresponding true-breeding 
classes. 

In awn length the range of homozygous awn 1 progenies prac- 
tically covers the range of the Federation parent, and the awn 4 
progenies that of the III C-18 parent. The awn 1 progeny range 
is from 2.35 ±0.96 to 5.39 ±2.46 mm. Federation ranges from 3.56 
±1.38 to 6.62 ±2.77 mm. The awn 4 progenies range from 42.52 
±7.35 to 80.40 ±4.89 mm. in awn length, while the 111 C-18 rows 
range from 67.20 ±9.30 to 84.50 ±3.84 mm. 

The homozygous awn 2 progenies range from 11.28 ±1.59 to 19.68 
±3.94 mm. in awn length. The homozygous awn 3 range is from 
22.12 ±3.71 to 42.1 5 ± 6.65 mm. 

Length of Longest Culm 

There was considerable difference between the lengths of the long- 
est culm of the tw r o parent plants. When the means of the 37 pa- 
rental rows were averaged, the following figures were obtained: 
Federation = 75.34 cm. and III 0-18 = 91.96 cm. The III CM8 
parent is 16.62 cm. greater in culm length than is the Federation 
67472—29 5 
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parent. . With this considerable difference between the parents, it 
could be expected that there would be a segregation in the F 2 gen- 
eration and that there would be a tendency for the F 3 progenies to 
inherit the culm length of their respective F 2 parents. 

Table 7 .^-Culm-length classes of the means of Federation and III C-18 parental 
rows and of the F 3 progenies 


[Grown in 1927 at Logan, Utah] 




Number of plants in culm-length classes (centimeters) 



Parent or progeny 

— 

— 



— 






.... 



— - 

To- 

tal 


56 

GO 

64 

68 

72 

76 

80 

84 

88 

92 

96 

100 

104 

108 


Federation 

1 



3 

8 

11 

9 

3 

1 





.... 

37 

III C-18 


.... 



1 

1 

1 

2 

6 

13 

8 

4 



37 

Fa progenies 

— - j 


‘"3" 

”l6 

24 

35 

67 

68 

43 

46 

! 

22 

27 

”7’ 

1 

354 


Table 7 shows the range in mean culm length for the parental 
rows and for the F 3 progenies. The parental classes overlap to some 
extent, but the shortest Federation row is four classes below the 
shortest III C-18 row, and the longest III C-18 row is five classes 
above the longest Federation row. Out of the 354 F 3 progenies the 
longest III C-18 row is practically recovered in one progeny. The 
longest III C-18 = 109.0 ±3.95 cm. and the longest F 3 progeny = 
107.75 ±4.18 cm. The shortest Federation row is also practically 
recovered in one F 3 progeny. The shortest Federation row is 
57.62 ±3.72 cm. in culm length and the shortest F 3 progeny 
is 59.20 ±4.40. The range of the progenies, then, essentially covers 
the range of the parents, and the distribution resembles somewhat 
that of a normal curve. (Fig. 6.) This study indicated segregation 
of culm length but did not establish the nature of culm-length 
inheritance. 

The culm length of the F 2 plants was correlated with the mean 
culm length of their respective F 3 progenies. A correlation coefficient 
of ±0.4316 ±0.0291 was obtained. The constant is 14.8 times its 
probable error. This significant correlation obtained between the 
F 2 plants and their F 3 progenies indicates that segregation had 
occurred and that culm-length inheritance is displayed in this cross. 
This study did not find a means of separating the segregating groups. 

Number of Culms ' 

The two parents average essentially the same number of culms per 
plant (Federation = 10.13 ± 1.37 and III C-18 = 9.46 ± 1.45). Corre- 
lation coefficients were calculated between number of culms in F 2 
and F 3 and between all other plant characters studied. In every 
case the probable error was almost as large as its constant. In this 
cross, then, there seems to be no measurable segregation or inheritance 
in stooling ability as indicated by number of culms. 

Spike Density 

As previously stated, the F 3 breeding behavior was used as the 
basis for determining the spike-density inheritance. The mean 
length of 10 rachis internodes of each F s progeny and of each parent 
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row was calculated. The coefficients of variability (C. V.) were also 
calculated and used as the basis for separating homozygous prog- 
enies from heterozygous. Table 8 shows the mean spike-density 
classes and the coefficient-of-variability (C. V.) classes of the parent 
rows and of the three groups of F 3 progenies, homozygous dense, 
heterozygous, and homozygous lax. Figure 7 shows the curves 
plotted for these same groups. Figure 8 illustrates the range in spike 
densities. 

Table 8 . — Mean spike-density and coefficient-of-variability (C. V .) classes of 
Federation and III C—18 wheat , and of the three groups of F% progenies of their 
cross — homozygous dense , heterozygous , and homozygous lax ° 

[Grown in 1927 at Logan, Utah] 



a The vertical columns represent spike-density classes of the means of the parental rows and of F 3 progenies 
grouped horizontally by major groups into homozygous dense, heterozygous, and homozygous lax. The 
horizontal lines within each major group represent coefflcients-of- variability (C. V.) classes. The mean 
coefficient of variability for each group is shown at the bottom of each group at the extreme right. The 
figures at the bottom of each group, on the “Total” line, are sums of the rows or progenies in that spike- 
density group. The figures In the second vertical column from the right (Total) are the sums of rows or 
progenies in that group falling within the coefficient-of-variability class designated. 

The coefficients of variability of the Federation parent rows 
range from 7.47 to 14.65 per cent, with a mean of 9.81 per cent. 
The coefficients of variability of the III C-18 parent rows range from 
4.9 to 14.14 per cent, with a mean of 10.59 per cent. 

For the homozygous-dense F 8 progenies the range in coefficients of 
variability was from 4.78 to 18.12 per cent, with a mean of 10.7 
per cent. ** 
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The coeffieient-of- vari ability range in the homozygous-lax group 
was from 5.67 per cent to 15.16 per cent, with a mean of 9.56. Every 
progeny is clearly homozygous, as shown by its low coefficient of 
variability. 

For the heterozygous F 3 progenies the range in coefficients of 
variability was from 27.42 to 61.28 per cent, with a mean of 40.91 
per cent. Though there was one doubtful progeny, the actual range 
may be considered to be from 27 to 61 per cent. All these progenies 
have coefficients of variability sufficiently high to mark them clearly 
as heterozygous, whereas all the homozygous dense progenies have 
coefficients of variability sufficiently low to permit their ready classi- 
fication as homozygous. 

One progeny of only 13 plants gave a coefficient of variability of 
17.19 per cent. This coefficient of variability indicates immediately 
that the progeny is true breeding. An examination of the plants them- 
selves led to doubt in this respect. The lengths in millimeters of the 



Cu/m /en^/h /n . Cent/mefers 


Figure 6. Culm-length distribution curves of Federation and III 0-18 parents and F3 progenies; 
the entire culm-length range of both parents was recovered in the Fs progenies 

10 spikelet internodes on the 13 plants were 20, 24, 24, 27, 27, 29, 30, 
30, 30, 33, 33, 35, and 40. None of the definitely true-breeding dense 
progenies show a range of 20 mm. in length of 10 spikelet internodes. 
The presence of just one very dense-spiked plant and just one long 
intermediate leaves the coefficient of variability small. This case 
wL. s ^ ra ^u^ ^ m P or .^ ance of having 30 or 40 plants in the progenies. 
When this progeny is regarded as being true breeding it is the only 
one in which the spike density of a progeny falls definitely within the 
range of the more compact parent, III C-18. In Figure 7 it is shown 
considerably toward the lax side from any other true-breeding dense 
progeny. The writers are far from sure that this progeny was not 
heterozygous. Since it was not continued in F 4 , this was not definitely 
ascertained. 

The means of the coefficients of variability of the two homozygous 
groups aye nearly the same as the means of the parents. The range is 
also approximately .the same. The heterozygous group has a much 
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higher mean and also a much wider range in coefficients of variability. 
Except for the one questionable progeny already discussed, the least 
variable heterozygous progeny is fully 50 per cent more variable than 
the most variable homozygous progeny, either of* the dense or of the 
lax group. Such wide gaps establish the groups in clear-cut fashion. 



14 /a 22 26 SO 34 36 42 46 SO S4 S6 62 66 70 


JEbc/?/s in/crnoc/e in mi//imeJers 

Fiouke 7. — Spike-density curves of Federation and III 018 parents, and of three F 3 progeny 
groups— homozygous dense, heterozygous, and homozygous lax. Except; for one progeny of 
doubtful breeding behavior the homozygous-dense progenies are all more dense than the more 
dense parent, III 018 

The range in spike density of the clearly homozygous-dense group 
of F 3 progenies is from 1.63 ± 0.10 to 2.37 ±0.23 mm. per rachis 
internode. The most dense of the III C~18parent rows was 2.41 ± 
0.22 mm., which, it will be observed, is less dense (but not statistically 
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so) than the least dense of the homozygous-dense progenies. The 
mean density of the doubtful progeny was 29.38 ±3.41 mm., which is 
definitely within the range of the more dense parent. The head den- 
sity of III C-18 was not recovered except possibly in these two prog- 
enies, and perhaps not here. This is rather a peculiar situation 
which has occurred before in spike-density inheritance in crosses 
involving Sevier and Federation and is as yet unexplained. 

The spike-density range in the homozygous-lax progenies seems to 
extend somewhat beyond the range of the Federation parent, though 
this is far from certain. Federation ranged from 4.66 ±0.42 to 5.41 ± 
0.18 mm. per rachis internode, while the homozygous-lax progenies 
range from 4.34 ±0.33 to 6.40 ±0.49 mm. The difference between 
5.41 ±0.18 and 6.40 ±0.49 is less than twice the probable error. 

The heterozygous progenies are intermediate between the two 
homozygous groups and overlap them in but a few cases, giving in 
the main a distinct trimodal curve. 



Figure 8 .— Spikes and rachis from parents and progeny of the Federation X III C-18 cross: A, Fed- 
eration parent; B, III C-18 parent; C and I>, spikes and rachis from the homozygous-lax Fsprog- 
enies showing range of .spike density; E and F, spikes and rachis from the homozygdtlis^aeiise 
1 3 progenies showing range of spike density. C and D are from the most lax true-breeding F 3 
progeny and E and F from the most dense 


The Fi spike density was 2.2 mm. per rachis internode. The 
heterozygous F 3 progenies came from F 2 plants which ranged from 
1 .6 to 2.8 mm. per rachis internode. Frequency curves of the F 2 parent 
plants which produced the three F 3 spike-density groups are shown 
in Figure 9. 

There were 81 homozygous dense, 170 heterozygous, and 103 
homozygous lax progenies. These numbers suggest a 1:2:1 ratio 
although P—0.1942, which is only a fair fit. The goodness of fit is 
given in Table 9. 

There is probably one major factor difference for spike density, and 
t|xere may be some minor factors which modify this inheritance. This 
would seem to be indicated by the transgressive segregation which 
fails to recover the III C— 18 parental head density (except in two 
cases at most, and not certainly in those) and by the rather wide 
range in the progenies of both homozygous groups. 
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Table 9. — Goodness of fit of three groups of F s progenies for spike density compared 

with a 1:2:1 ratio 


[Grown in 1927 at Logan, Utah] 


Progeny group 


Calcu- 

lated 

value 

(C) 

Ob- 
served , 
value 
( 0 ) 

0-C 

(O-C)* 



(O-C)* 

! c 

Horn ozygous d ense 

Heterozygous 

Homozygous lax 


88.5 

177.0 

88.5 

81 : 
170 ; 
103 

-7.5 
-7.0 
+ 14. 5 

1 50. 25 

49.00 j 
210. 25 ! 

1 

0. 6350 
. 2768 
2. 3757 



12 /6 20 24 23 32 36 40 44 4Q S.2 36 60 64 

JPoch/s /h/ernode /n mi/f/me/crs 


Figure 9.— Spike-density-distribution curves of Fa plants which segregated in F 3 for the three major 
spike-density groups: the figure shows the spike-density curves of the Fs progenies derived 
from these F* plants 

CORRELATION OF CHARACTERS 

Awn-class and Spike-density Factors Probably not Linked 

Stewart ( 9 ) in a cross of Kanred X Sevier obtained high correla- 
tions between awn-length and spike-density characters. In a cross 
of Federation X Sevier (8) he obtained consistent correlation ratios 
(77) when spike density and awn classes were correlated. These 
results led to the belief that there was linkage between spike-density 
and awn-class factors. 

In studying the present cross (Federation X III C-18) with respect 
to linkage for spike-density and awn-class factors, there are two 
points which should be borne in mind: (1) Awn class as separated 
by eye classification is a distinct and separate character from awn 
length. There might be a high correlation between awn length of 
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fully awned progenies and another plant character, while the correla- 
tion between awn classes and the same plant character could be low 
or even essentially zero. Different awn-class groups may have awn 
length correlated with a given plant character m quite different 
degrees, as will be seen later in this discussion. (2) The awn-class 
inheritance in the Federation X III C-18 cross is different from that 
of Federation X Sevier cross, as has been already shown. Inheritance 
in the former showed independent segregation on the basis of a 
2-factor difference, while that of the latter showed linkage. 


Table 10. — Goodness of jit of 27 a wn-class and spike-density genotype classes of 
progenies when compared with the theoretical ratio of independent segregation with 
8-factor differences a 

[Grown in 1927 at Logan, Utah] 


Glass 

No. 



Genotype 

Calculat- 
ed value 
(C) 

Observed 
value (O) 

O-C 

(O-C)? 

(O-C)* 

C 

i 

AA BB LL... 

5.53 

6 

+0. 47 

0. 2209 

0. 0399 

2 

AA BB LI 

11.06 

9 

-2. 06 

4. 2436 

. 3837 

3 

A A Bb LL 

11.06 

8 

-3.06 

9. 3630 

. 8400 

4 

Aa BB LL.... 

11.06 

12 

+.94 

. 8836 

. 0799 

5 

A A Bb LI 

22. 12 

26 

+3. 88 

15. 0544 

.6800 

6 

Aa BB LI 

22. 12 

23 

+.88 

. 7744 

. 0350 

7 

Aa Bb LL 

22. 12 

24 

+ 1.88 

3. 5344 

. 1598 

8 

Aa Bb LI 

44. 24 

38 

-6. 24 

38. 9376 

.8801 

9 

AA BB 11 

5. 53 

8 

+2. 47 

6. 1009 

1. 1032 

10 

AA Bb 11 

11.06 

4 

-7.06 

49. 8436 

4. 5067 

n 

Aa BB 11 

11.06 

8 

-3. 06 

9. 3636 

. 8466 

12 

Aa Bb 11 

22. 12 

19 

-3. 12 

9. 7344 

.4401 

13 

AA bb LL 

5. 63 

10 

+4. 47 

19. 9809 

3. 6132 

J4 

AA bb LI 

11.06 

8 

-3. 06 

9. 3636 

. 8406 

15 

Aa bb LL 

11.06 

15 

+3. 94 

15. 5230 

1.4036 

10 

Aa bb LI 

22.12 

19 

-3. 12 

9. 7344 

.4401 

17 

aa BB LL | 

5.53 

5 

-.53 

.2809 

. 0508 

18 

aa BB LI 

11.06 

13 

+ 1.94 

3. 7030 

.3403 

i 19 

aa Bb LL ' 

11.06 

16 

+4. 94 

24. 4030 

2. 2065 

i 20 

aa Bb LI j 

22. 12 

27 

+4.88 

23. 8144 

1. 0760 

21 

AA bb 11, J j 

5. 53 

6 

+ .47 

.2209 

.■0399 

22 

Aa bb 11 , 

11.06 

12 

+. 94 

. 8830 

.0799 

23 

24 

aa BB 11 J 

5. 53 

6 

+. 47 

.2209 

. 0399 

aa Bb 11 

1 1. 06 

7 

-4. 06 

16. 4830 

1.4904 

25 

aa bb LL 

5. 53 

7 

+1. 47 

2. 1009 

. 3908 

26 

aa bb LI i 

11.06 

8 

-3. 06 

9. 3636 

.8466 

27 

aa bb 11 1 

5. 53 

10 

+4. 47 

19. 9809 

3. 0132 


Total 

353. 92 

354 









X 3 “ 26.4806. P-0.4373. 

° spike and / dense spike; A and J3=two factors for awns; AABB—luWy awned condition. 

In order to determine whether there was linkage between the awn- 
class and spike-density factors in the cross under study, the F 3 prog- 
enies were arranged into 27 genotype classes which would occur in 
independently segregating material where 3-factor differences are 
involved. Table 10 shows the genetic constitution of each of the 27 
classes and also the goodness of fit when compared to the theoretical 
numbers which would be expected in a cross involving a 3-factor 
difference with independent segregation. The factor for lax spike is 
designated by L and its allelomorph dense spike by l . The awn 
classes have the same designation as before given. 

For the 27 classes, x 2 ~ 26.4806 and P — 0.4373. This is a good fit, 
and indicates that there is at least no strong linkage between spike- 
density and awn-class characters in the Federation X III C-18 cross. 
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Parents 

Correlations were calculated for the Federation and the adjacent 
III C-18 parental rows. The correlation coefficients, their probable 
errors, and the r/P.E. are given in Table 11. 

Table 11 . — Correlation coefficients (r), their respective probable errors ( P.E . ), 
and r/P.E. for the pairs of parent rows when various plant characters were 
correlated 

[Grown in 1927, at Logan, Utah] 


3 > lant character 


r±P.E. r/P.E. 


Culm length 

Spike density 

Number of culms . 

Awn length 

Neck thickness . 



+0. 5082*0. 0318 
+.0865* . 110 
-.4770* .0857 
+. 0093* . 1377 
+. 1240* . 1092 


16.0 
.8 
5. 6 
.1 
1 . 1 


The high positive correlation coefficient (r) obtained when the 
adjacent parental rows were correlated for culm length probably 
indicates that the soil heterogeneity influenced this character in a 
marked degree. The large minus correlation coefficient obtained 
when number of culms to the plant was considered probably indicates 
that a degree of competition existed between the two adjacent 
parental rows. Spike density (r= +0.0865 ±0.110), awn length 
(r +0.0093 + 0.1377), and neck thickness (r— +0.1240 + 0.1092) 
seem to be more stable characters which are less influenced by environ- 
mental factors, as is shown by their low correlation coefficients. 

Correlation coefficients were calculated for two pairs of plant 
characters studied for each parent. These constants with their 
probable errors are given in Table 12. 


Table 12. — Correlation coefficients (r), their respective provable errors (P. E .) , and 
r/P.E. for two pairs of plant characters on each parent 

[Grown in 1927 at; Logan, Utah] 


Parent and plant character 


Federation: 

Culm length X spike density... 
Spike density X neck thickness 
ITT C-18: 

Culm length X spike density.. . 
Spike density X neck thickness 


r-P.E. 

r/P.E. 

-0.0118*0. 1093 

0. 1 

+.0373* .0658 

9. 7 

-.2436* .1043 

2.3 

+. 1877* . 1070 

1.8 


Culm length X spike density in the Federation parent rows gave a 
correlation coefficient which is only one-tenth of its probable error 
(r= —0.0118 + 0.1093). These same two characters in the III C-18 
give a correlation coefficient wdiich is of little significance (r= —0.2436 
+ 0.1043). 

In Federation, the correlation coefficient between spike density X 
neck thickness was large; that is, it was 9.7 times its probable error 
(r = +0.6373 + 0.0658). These same characters in the III C-18 
gave a low correlation coefficient, which was only 1.8 times its probable 
error (r= + 0.1877 ± 0.1070). It seems from these data that spike 
density and neck thickness are distinctly correlated in the Federation 
parent. A laxer head tends to go with a thicker neck. 
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CORRELATION STUDIES WITH THE F 3 PROGENIES 

Ten pairs of combinations of the five plant characters were possible. 
The correlation coefficients (r), the correlation ratios ( 77 ), and Blake- 
man's tests were calculated for all of the 10 pairs. These constants 

with their probable errors and p f anc ^ P E are f?* ven Table 13. 


Table 13. — Correlation coefficients (r), correlation ratios (17), their respective prob- 
able errors (P. E.), and Blakeman’s test for linearity for various pairs of plan * 
characters for 354 E* progenies 

[Grown in 1927 at Logan, Utah] 


Characters correlated 

rdbP. E. 

r/P. E. 

t?±P.E. 

V 

P. E. 

Culm length X spike density . . 

+0. 51 98+0. 0262 

19.8 

0. 5344+0. 0256 

20.9 

Culm length X awn length _ 

-f-. 0584 + .0417 

1.4 

. 2993+ . 0381 

7.9 

Culm length X neck thickness 

+. 1974+ .0345 

5.7 

. 2538+ . 0335 

7.6 

Culm length X number of culms 

+. 0521db . 0357 

1. 5 

. 1824+ . 0347 

5. »J 

Spike density X awn length 

1112=1= .0113 

2.7 

.3496+ .0367 

9.5 

Spike density X neck thickness 

+.4490=1= .0286 

15.7 

.5711+ .0241 

23.7 

Spike density X number of culms 

+.0967d= .0355 

2.7 

. 1833+ . 0346 

5.3 

Awn length X neck thickness 

2874d= . 0384 

7. 5 

. 4068+ . 0349 

11. 7 

Awn length X number of culms.-- 

+. 0343+ .0418 

.8 

.3107+ .0378 

8.2 

Neck thickness X number of culms 

+. 0265+ . 0358 

. 7 

. 1755+ . 0347 

5. 1 


Blake- 

man’s 

test 


2. 3740 
3. 5090 

2. 2203 
2. 4427 

3. 9041 
4. 9302 

2 . 1700 

3. 4438 
3. 6926 
2. 4232 


Culm Length x Spike Density 

The correlation coefficient for culm length X spike density is 
large (r= +0.5198 ±0.0262). The constant is 19.8 times its probable 
error. The correlation ratio ( 77 ) is only slightly larger than r and 
Blakeman’s test for linearity is only 2.3740, which indicates that the 
correlation is essentially linear in its nature. 

Since this pair of characters when correlated in each of the two 
parents (Table 12 ) showed no significant constants, it was thought 
advisable to study the F 3 progenies more completely to determine, 
if possible, the nature of the relationship existing. In order to do 
this, the F 3 progenies were divided into their three spike-density 
groups — ( 1 ) homozygous dense, ( 2 ) heterozygous, and ( 3 ) homozy- 
gous lax. Correlations for culm length X spike density were then 
calculated for each of the three groups independently. The correla- 
tion coefficients (r), their probable errors ( P . E.), and are given 
in Table 14. 

Table 14. — Correlation coefficients (r) and probable errors ( P . E.) for culm length 
X spike density in each of the three spike-density groups of the F 3 progenies 


[Grown in 1927 at Logan, Utah] 


Spike-density group 

r+P. E. 

r/P. E. 

Homozygous dense 

+0. 2454+0. 0709 

+ 1 193-1- 0509 

3.5 
2. 3 

Heterozygous „ .. 

Homozygous lax 

— 1612-4- 0fi4tt 

2.5 


• ivi«X « vUtO 
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Two of the groups, homozygous dense (r= + 0.2454 ± 0.0709) and 
heterozygous (r= 4 0.1193 — 6.0509) show comparatively small plus 
correlation coefficients, and the third group, homozygous lax, shows 
a small minus correlation coefficient (r = — 0.1612 ± 0.0648). The 
largest constant of the three is only 3.5 times its probable error. 
These constants indicate that the large correlation coefficient (r = 
4 - 0.5198 ±0.0262) obtained when the entire 354 F 3 progenies were 
included is probably between groups (homozygous dense, heter- 
ozygous, and homozygous lax) rather than within the groups. 

The spike-density factors seem strongly to influence culm length. 
This is somewhat in keeping with Boshnakian's findings (#). This 
is difficult to explain since the parental forms bring the characters 
into the cross in the opposite combination from that shown in the 
progenies. The lax-spiked parent (Federation) is the short parent 
and the dense-spiked parent (III 0-18) is the tall parent. It has 
already been noted that spike-density inheritance is rather compli- 
cated. It may be that culm-length inheritance is also complicated. 


Culm Length X Awn Length 

* 

t* 

The correlation coefficient between culm length and awn length 
is small (4-0.0584 4 0.0417), and is only 1.4 times its probable error. 
So far as r can measure, no correlation exists between these char- 
acters. The correlation ratio —0.2993 4 0.0381 and is 7.9 times its 
probable error. This constant, together with the rather high figure 
determined for Blakeman’s test for linearity (B. T. = 3.5096), sug- 
gests the possibility of a correlation which r is unable to measure. 

Table 15 . — Correlation coefficients (r) and their respective probable errors for each 
of the four homozygous aum-class groups of F- d progenies 

[Grown in 1927 at Logan, Utah] 


Characters correlated 


Awn class 4: 

Culm length X 

spike density 

Culm length X 

awn length 

Culm length X 

neck thickness 

Spike density X 

awn length 

Spike density X 

neck thickness 

Awn length X neck 

thickness j 

Awn class 3: 

Culm length X 

spike density 

Culm length X awn 

length 

Culm length X 

neck thickness 

Spike density X 

awn length 

Spike density X 
neck thickness 


r±P. E. 

r/i\ E. 

4-0. 485740. 1074 

4.5 

+. 72264 . 0672 

10.8 

+. 47374 . 109 

4.3 

4.78574 .0538 

14.0 

4. 58674 . 0922 

6.4 

4.54514 .0989 

5.5 

4 . 55844 . 0948 

5.9 

4 . 02324 . 1376 

.2 

-. 03154 . 1375 

.2 

4 . 21024 . 1313 

1.6 

4.56974 .0930 

0 . 1 


Characters correlated 


Awn class 3 — Contd. j 

Awn length X neck i 

thickness..- ! 

Awn class 2: j 

Culm length X ; 

spike density j 

Culm length X I 

awn length j 

Culm length X 

neck thickness 

Spike density X 

awn length 

Spike density X 

neck thickness 

Awn length X neck 

thickness 

Awn class 1: 

Culm length X 

spike density 

Culm length X 

neck thickness 

Spike density X 
neck thickness 


r±P. E. 

r/P. E. 

40. 146240. 1348 

1. 1 

4. 27504 . 1300 

2. 1 

-.00754 .1406 

.05 

-. 46764 . 1099 

4.3 


.3 

4.03824 .1404 

l 

4.0 

4.44924 .1122 

1.3 

4- 17094 . 1365 

1 

4.79914 .0488 

16.4 

4-67774 .0729 

9.3 

4.59244 .0876 

6.8 


Table 15 gives correlations between various plant characters when 
the progenies are grouped into the true-breeding awn-class groups. 
The awn 4 group gives a high correlation' coefficient (r = 4-0.7226 4 
0.0672) between culm length and awn length, which is 10.8 times its 
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probable error. Awn 3 (r = 4-0.0232 ± 0.1376) and awn 2 groups 
(r = —0.0075 ± 0.1406) give very low correlation coefficients, which 
in both cases are considerably less than their probable errors. 

The correlation which 77 suggested seems to be located in fully 
awned progenies but not in the progenies of the other awn classes. 

Culm Length and Neck Thickness 

The correlation coefficient obtained for these two factors was 
+ 0.1974 + 0.0345. The constant is 5.7 times its probable error. 
The correlation ratio obtained (77 = 0.2538 + 0.0335) is 7.6 times its 
probable error. Blak email's test was 2.2263. 

The awn 4 group has a fairly high plus correlation coefficient 

(r = + 0.4737 ± 0.109 and p-^-gr = 4.3^- The awn 3 group has a correla- 
tion coefficient lower than its probable error (r = —0.0315 ± 0.1375). 

The awn 2 group has a rather high minus correlation coefficient 
(r= —0.4676 + 0.1099), which is 4.3 times its probable error. Awn 1 

f roup has a high plus correlation coefficient (r = +0.6777 ± 0.0729). 
t is 9.3 times its probable error. 

Two of the four awn groups, then, show significant plus correlations. 
One of the other two groups shows a high minus correlation coefficient 
and the other a small minus correlation. It is apparent that since 
the correlations in two of the four are rather high plus and two are 
minus they would tend so to counterbalance each other when r was 
calculated for the entire family that a small r would be obtained. 

Culm Length X Number of Culms 

The correlation coefficient obtained for these characters is very 
small (r= +0.0521 + 0.0357), and is only 1.5 times its probable 
error. The correlation ratio obtained (77 = 6.1824 ± 0.0347) is probably 
not very significant when viewed in connection with the small Blake- 
man's test obtained (B. T. =2.4427). 

Spike Density X Awn Length 

For these characters the correlation coefficient obtained (r = 
— 0.1112 + 0.0413) is small, and is only 2.7 times its probable error. 

The correlation ratio (77 = 0.3496 ’±0.0367) is fairly good sized, 
and is 9.5 times its probable error. Blakemati’s test (B. T. = 3.9641) 
is also fairly high. These two constants indicate a correlation which 
r fails to measure. The correlation coefficients between spike 
density and awn length in the four awn groups are: 

Awn group 4, r= +0.7857 + 0.0538 and p =14.6 

Awn group 3, r= + 0.2162±0.1313 and 

Awn group 2, r= + 0.0382 ±0.1404 and ~^=r=0.3 

The correlation indicated by 77 seems to be located again, as was the 
correlation of culm length X awn length, in the fully awned group, 
and to be lacking in the other awn groups studied. It was in fully 
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awned progenies that strong linkage was obtained between spike 
density ana awn length in the Sevier X Kanred cross (6). 

The value of rj in indicating correlations which r does not measure is 
again brought out, rather clearly, in this instance. 

Spike Density X Neck Thickness 

The correlation coefficient for these two characters is perhaps high 
enough to be significant (r = ± 0.4490 ± 0.02S6 and p T p = 15.7^* 

A still higher correlation ratio ^ = 0.5711 ±0.0241 and p~p = 23.7^ 

and a high Blakeman’s test (B. T.= 4.9302) both suggest that there 
may be considerable correlation which r fails to measure. 

Por these same two characters Federation gave a correlation 

coefficient (Table 12) of + 0.6373 ± 0.0658 and p~p =9.69. For III 

G-18, r was ±0.1877 ±0.1070 and p-^r = 1.75. The laxer of the two 

parents gave a good plus correlation. The denser parent gave a plus 
correlation which is probably too small to be significant. 

In order to study these characters more fully, correlation coefficients 
were calculated for them in each of the three spike-density groups 
(homozygous dense, heterozygous, and homozygous lax). The 
coefficients of correlation with their probable errors are given in 
Table 16. 


Table 16 . — Correlation coefficients (r) and probable errors ( P . E.) for spike density 
X neck thickness in each of the three spike-density groups of F s progenies 

[Grown in 1927 at Logan, Utah] 


Spike-density group 


Homozygous dense. 

Heterozygous 

Homozygous lux _ ... 


rd=P. E. 


-f 0. 391 7±0. 0()3K 
~i- .2(512± .0481 
+ . G915± .0347 


r/P. E. 


f>. 1 
5.4 
19.2 


The correlation coefficient for homozygous dense (r— 4-0.3917 ± 
0.0638) is 6.1 times its probable error. For the heterozygous 
(r— 4 - 0.2612 ± 0.0481) the constant is 5.4 times its probable error. 
For homozygous lax (r ^=0.691 5 ± 0.0347) the constant is 19.2 times 
its probable error. While these coefficients are all plus and all high 
enough to be significant, there is a wide difference between the lowest 
and the highest. For indicating such a spotted or curvilinear condi- 
tion in a population, r) seems to be valuable. 

Plus correlation coefficients were obtained, then, for the entire 
family, for both parents, and for each of the three spike-density 
groups. All were high enough to be significant except the III C-18 
constant. (Table 12.) Spike density and neck thickness are, then, 
positively correlated. 

All the data indicate that the laxer the spike the thicker the neck, 
and the denser the spike the thinner the neck. Since this relation- 
ship occurs consistently with the entire family, with the parents 
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(although to a much less extent with III C-18, the denser parent), 
and with the four homozygous awn groups studied, the suggestion is 
that it may be a physiological relationship. 

Spike Density and Number of Culms 

These characters gave a small correlation coefficient (r = + 0.0967 ± 
0.0355 and jr~p = 2.9^- The correlation ratio was somewhat higher 

but not significantly so (jj — 0.1833 ± 0.0346 and p--y = 5.3^» Blake- 
man’s test for linearity was 2.1760. 

Awn Length X Neck Thickness 

The correlation coefficient for these characters is —0.2874 ± 0.0384, 
which is 7.5 times its probable error. The correlation ratio is 
0.4068 ± 0.0349. It is 11.7 times its probable error. Blakeman’s test 
for linearity is 3.4438, and suggests a stronger correlation than r 
measured. 

A study of the 4 awn group throws some light on this (Table 15). 
Awn group 4 has a good correlation coefficient (r= + 0.5451 ±0.0989). 

The correlation coefficient for the awn 3 group is +0.1462 ±0.1348, 
and for the awn 2 group +0.1709 ± 0.1365. In this case as well as in 
others previously discussed, the correlations are much stronger in 
awn group 4 than in the other awn groups. 

Awn Length X Number of Culms 

The correlation coefficient for these characters is +0.0343 ± 0.0418. 
The correlation ratio is 0.3107 + 0.0378 and is 8.2 times its probable 
error, and Blakeman’s test is 3.6926. These latter figures suggest 
that there might be a correlation not measured by r. If such a corre- 
lation existed it was not found. 

Neck Thickness X Number of Culms 

This correlation coefficient is +0.0265 + 0.0358. It is smaller than 
its probable error. The correlation ratio (rj = 0.1755 ± 0.0347) is 5.1 
times its probable error. Blakeman’s test is 2.4232. 

SUMMARY 

III C-18 (a hybrid strain from a Sevier X Dicklow cross) and 
Federation were crossed. A vigorous F x family was chosen to con- 
tinue the F 2 generation. Grain from each F 2 plant was used to seed 
one F, progeny row. The rows were spaced 1 foot apart and the 
kernels in the row were spaced about 3 inches apart. Paired plant- 
ings of the two parents were made in the same manner and at the 
same time after each 10 progeny rows. 

Each F 3 progeny row was considered to represent the genetic con- 
stitution of its F 2 parent plant. There were 354 F 3 progenies. Data 
were collected for the various plant characters studied by observation 
or by measurement, as follows: Color of glume, awn class, culm 
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length, spike density, awn length, neck thickness, and number of 
culms. 

Color of glume was found to be inherited on the basis, of a 1 -factor 
difference. The numbers obtained were 82 bronze, 176 heterozygous, 
and 96 whites. These numbers closely approach a 1:2:1 ratio. 
P = 0.5782. 

Awn classes were found to be inherited on the basis of a 2-factor 
difference with independent segregation. The numbers expected on 
this hypothesis very closely fit the observed facts. P = 0.9270 and 
indicates an extremely good fit. 

Culm length of the F 3 progenies was correlated with their F 2 
parents to the extent of + 0.4316 ± 0.0291 , which indicates that 
segregation occurred. The culm-length range in the parental rows 
was covered by the F 3 progenies. 

Spike-density inheritance was peculiar in its nature. Three spike- 
density groups were found in the F 3 progeny — (1) homozygous dense, 
(2) heterozygous, and (3) homozygous lax with the respective num- 
bers for each group of 81, 170, and 103. These numbers suggest a 
1:2:1 ratio, with the goodness of fit as indicated by P = 0.1942. 
The homozygous-dense progenies transgress the range of the dense 
parent in mean spike density. The dense parent III C-18 is possibly 
not recovered in a single progeny, and certainly not in more than 
two. The homozygous-dense progenies with these two possible 
exceptions are all more dense than the most dense of the III C-18. 
The group of heterozygous progenies fall between the two homozy- 
gous groups of progenies with no overlapping. (Fig. 7.) The range 
of densities of the heterozygous progenies cover that of the denser 
parent entirely. There is probably a 1 -factor difference with per- 
haps some minor factors involved in the spike-density inheritance of 
this cross. 

The awn-length range of the parental rows was recovered in the F 3 
progenies. Homozygous awn group 1 was essentially the same as 
Federation in awn length. Homozygous awn 4 group recovered the 
greatest parental awn length. The other awn classes were graduated 
in length in rather regular order between awns 1 and aw T ns 4. Stand- 
ard deviations and coefficients of variability were distinctly higher 
for the segregating awn class genotypes than for the homozygous 
awn classes. 

Neck thickness was essentially the same for the two groups of 
parent rows. The range in the progenies was small. 

The number of culms was essentially the same in both parents and 
F 3 progenies. 

Awn-class and spike-density characters were studied together to 
determine whether or not linkage existed. The 354 F 3 progenies 
were arranged into 27 genotype groups, which might be expected on 
the hypothesis of independent segregation with a 3-factor difference 
(two for awn classes and one for spike density). Their numbers 
approached the expected numbers. When goodness of fit was calcu- 
lated, P = 0.4373. This indicates that there is probably no linkage 
between spike-density and awn-class factors in this cross. 

Correlation coefficients (r) and correlation ratio ( rj ) and Blake- 
man’s tests were calculated for various combinations of the following 
plant characters: Culm length, spike density, awn length, neck thick- 
ness, and number of culms. 
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Culm length seems not to be correlated with spike density in 
either of the parents, or in either of the three spike-density groups — 
homozygous dense, heterozygous, and homozygous lax. However, 
when the correlation coefficient was calculated for the entire family 
of the F 3 progenies there was a significant correlation, that is, the 
factors for the spike-density classes seem to have a distinct influence 
on culm length. 

Culm length and awn length are distinctly correlated in the homo- 
zygous fully awned progenies. The other homozygous awn-class 
groups show no correlation. The entire family shows no correlation, 

yet 77(77^0.2993 ± 0.0381 and p V p = 9 . 2 ) and Blakeman’s test 

(B. T.= 3 . 5096 ) indicated the presence of a correlation, which was 
found in the fully awned group. 

Spike density and awn length also seem to be correlated in the 
homozygous awn 4 group but not elsewhere. This correlation had 
also been indicated by the correlation ratio (77). 

Spike density and neck thickness were found to be correlated in 
the Federation parent, in the four homozygous awn groups studied, 
and in the entire family. 
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COMPOSITION OF COMMERCIAL ACID LEAD ARSENATE 
AND ITS RELATION TO ARSENICAL INJURY 1 

By H. S. Swingle 

Assistant Entomologist , Division of Deciduous Fruit Insects , Bureau of Ento- 
mology, United States Department of Agriculture 

INTRODUCTION 

Since acid lead arsenate was first used as an insecticide in 1892, its 
manufacture has become relatively well stabilized and a fairly uni- 
form product is assured. Analyses of a considerable number of 
samples over a period of several years, however, show that more or 
less variation occurs in the quantities of arsenious oxide, total arsenic, 
and water-soluble arsenic present. 

The total proportion of arsenic theoretically present in pure acid 
lead arsenate, expressed as arsenic pentftxide, is 33.1 per cent. Actu- 
ally it was found to range from 28.0 to 32.8 per cent, thus indicating 
that commercial acid lead arsenate contains more or less basic lead 
arsenate. The more of the basic form present the safer the material 
is on foliage and the less toxic it is to insects (3, p. 50; 6; 9; 10)} 

Although arsenious oxide should theoretically be absent, it was 
found to be present in quantities ranging from 0.16 to 1.40 per cent. 
As far as the writer is aware, the relation of the presence of this 
material to foliage injury has not been previously investigated. 

The content of the water-soluble arsenic ranged from 0.04 to 5.93 
per cent as arsenic pentoxide. The maximum guaranteed ranges 
from 0.38 to 1.15 per cent, although as a rule manufacturers guarantee 
their product to contain not more than 0.75 per cent. Little in- 
formation has been available as to the effect of these quantities of 
water-soluble arsenic and the necessary minimum to avoid foliage 
injury. The quantity of soluble arsenic pentoxide present is re- 
garded by some as of little importance so long as it is below the 0.75 
per cent maximum set for lead arsenate paste by thie insecticide act 
of 1910, which has been rather generally adopted by manufacturers 
for the powdered form now used. Others consider it of great im- 
portance, extravagant claims often being made by manufacturers 
and salesmen for a particular brand of lead arsenate as noninjurious 
to foliage because of its low soluble-arsenic content. 

A series of experiments was conducted to determine the effect of 
these variations in composition upon foliage injury. All spraying 
tests were conducted upon peach trees, which are perhaps the most 
sensitive to arsenical injury of all the plants to which acid lead 
arsenate is extensively applied. These tests were carried on from 
1926 to 1928 in central Georgia. 

1 Received for publication Feb. 26, 1929; issued September, 1929. 
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TOXIC CONCENTRATIONS OF ARSENIOUS AND ARSENIC ACIDS 

To determine the minimum concentration of soluble arsenic toxic 
to peach foliage, solutions of arsenious and arsenic acids were made 
up m concentrations ranging from 0.0001 to 3.0 per cent expressed as 
arsenic pentoxide. 3 These were applied to peach trees with a hand 
sprayer until the spray material dripped from the foliage, and the 
results were noted daily. A summary of the results of these tests is 
given in Table 1. 


Table 1 . — Effect of arsenious and arsenic acids, in various concentrations, upon 

peach foliage 





Time from 


1 

1 

Concen- 

tration 

j i -1 on concen- 
trations a 

spraying to 
first injury 

Final effect on foliage 

of add 







used (as 
As 2 Os) 

As 2 Oj 

AS 2 O 5 

AS 2 O 3 

As 2 Os 

AsaOa 

AS 2 CH 

Per cent 

pH 

pIJ 

Day 8 

Days 



0 . 0001 

0. 4 

6.3 



No injury 

No injury. 

.0005 

6.4 

6. 1 



do. . 

Do. 

.0010 

6.4 

5.9 

— 


do. 

Do. 

.0015 

6 . 35 

5.5 

8 

8 

Light leaf burning .. 

Light leaf burning. 

.0020 

6 . 35 

5. 1 

8 

8 

..do 

Do. 

.0025 

6 . 35 

4.6 

5 


Moderate leaf burning 

Moderate leaf burning. 

.0050 

6 . 35 

3. 5 


5 

Severe leaf burning 

Severe leaf burning. 

.0075 

6.3 

3. 2 

5 

5 

Severe leaf burning, light twig 

Severe leaf burning, light twig 






cankering, moderate defolia- 
tion. 

cankering, light defoliation. 

.0100 

6.3 

2.6 

5 

3 

... ..do 

Do. 

. 0200 

6.3 

2.5 

5 

3 

Severe defoliation, light cank- 

Severe defoliation, severe cank 






ering. 

ering. 

. 0300 

6.3 

2. 5 

5 

2 

Severe defoliation, severe 

Complete defoliation, very se- 






cankering. 

vere cankering. 

.0400 

6 . 25 

2.45 

5 

2 

Complete defoliation, severe 

All twigs killed. 






cankering. 

. 0500 

6.2 

2.4 

5 

2 


Do. 

.1000 

. 5. 4 

2.2 

3 

2 

All twigs killed.. ' 

Do. 

.2000 

5.3 

2.1 

1 3 

1 

do 

Do. 

.3000 

5.2 

2.0 

3 

1 

do 

Do. 

.4000 

5.1 

1.9 

2 

1 


Do. 

.6000 

5.0 

1.9 

1 

1 

do 

Do. 

. 6000 

4.9 

1.85 

1 

1 

do. 

I Do. 

.7000 

4.85 

1.8 

1 

1 

do. 

Do. 

.8000 

4.8 

1 1.75 

1 

1 

do . .. . 

Do. 

,9000 

4.7 

i 1. 75 

1 

1 

do . . . 

Do. 

1.0000 

4.6 

| 1.6 

1 

1 

do 

Do. 

1.5000 

3.8 

1.5 

1 

1 

do... 

Do. 

2.0000 

3. 6 

1.5 

1 

1 

do 

Do. 

2.5000 

3.4 

1.5 

1 

1 

do 

Do. 

3.0000 

3.3 

1.5 

1 

1 


Do. 


a Hydrogen-ion concentration of water used, pH 6.5. 


DISCUSSION OF RESULTS 

At low concentrations (below 0.01 per cent as arsenic pentoxide) 
tho arsenious and arsenic acids were of equal toxicity when com- 

E ared upon the basis of metallic arsenic content. Upon the same 
asis, at high concentrations arsenic acid was the more toxic, possibly 
because of its greater penetrative power due to its higher acidity. 
This difference in toxicity occurs at acidities of arsenic acid of pH 2.6 
and higher. 

No difference in toxicity between arsenious and arsenic acids was 
apparent at the concentrations at which either is present as soluble 
arsenic in lead arsenate. 


* The percentages are based upon grams of solute per hundred grams of solution. 
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The minimum concentration toxic to peach leaves contained the 
equivalent of 0.0015 per cent arsenic pentoxide. 

TESTS OF ARSENIC AS A CUMULATIVE POISON 

As the arsenic upon a leaf can be in solution only when water is 
present, its action is more or less intermittent. To determine the 
minimum toxic concentration under these conditions and to ascer- 
tain whether arsenic might act as a cumulative poison, the experi- 
ments reported in Table 2 were performed. Concentrations under 
the toxic dosage of 0.0015 per cent arsenic pentoxide were applied 
successively to the same foliage and the results noted. A record of 
the rainfall during this period is given in Table 3. On June 30 it 
began to rain nine hours after the sprays had been applied, and on 
July 5, five hours afterwards. On July 13 and 16 spraying was 
begun approximately one hour after it had ceased raining. 

Table 2. — The cumulative effect of repeated applications of arsenic acid , in various 
concentrations , to peach foliage from June 29 to July 22, 192S 


Plot No. 

Percent' 
age of 
As 2 ()s 
used 

1 

fi. 0003 

2 

. 0003 

3 i 

I . 0003 

4 

. (KX)3 

5 .... 

. 0003 

« - - 

.0015 

7 

r .0003 


\ . 0009 

8 . ! 

.0009 

9 - 

.0008 


. 0008 

11 1 

. 0008 


Dates sprayed 


June 29 

June 29, HO 

June 29, HO, July 2 
June 29, HO, July 2, 3 
June 29, 30, July 2, 3, 5 

June 29 

June 29, 30 

July 13 

do 

July 10, 19 

July 10, 22 

July 10 


Effect on foliage 


No injury. 

Do. 

Do. 

Very light burning of leaves. 
Moderate burning of leaves. 
Light burning of leaves. 

} Do. 

No injury. 

Moderate burning of leaves. 
Do. 

No injury. 


Table 3. — Rainfall during the period of the tests of Table 2 , June 29 to July 22, 1928 


Date 

| Rainfall 


Inches 

June 30 

Trace. 

July 5 
July fi 

! O.fiH 

j . 33 

July 9 

| . 43 

July 10 

1 .04 

July 11 

| .50 

1 


Date 

Rainfall 


Inches 

July 12 

1. 13 

July 13 

2. 80 

July lfi 

2. 00 

July 17 

.31 

July 18 

Trace. 

July 21 

.40 


DISCUSSION OF RESULTS 

The results on plots 1 to 6 showed that slight injury could occur 
with a minimum concentration equivalent to 0.0012 per cent arsenic 
pentoxide, although a concentration equivalent to 0.0015 per cent was 
necessary before sufficient injury occurred to be of importance. It 
was also apparent that slightly greater injury occurred when this quan- 
tity of soluble arsenic was applied in five sprays of 0.0003 per cent 
each than when it was applied in one spray of 0.0015 per cent arsenic 
pentoxide. This is probably due to the greater quantity of water 
furnished and to the smaller loss of poison m the former case. Plots 
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7 to 11 offer evidence that arsenic is a cumulative poison within 
the peacli leaf, as sufficient rain intervened between applications to 
remove any arsenic left upon the surface of the leaf. In plot 7 suffi- 
cient arsenic remained within the leaves from two applications of 
0.0003 per cent arsenic pentoxide to cause injury when a third appli- 
cation of 0.0009 per cent was made 13 days later, the injury being only 
slightly less severe than from one application of 0.0015 per cent. 
These results indicate that the disposal of this poison by the leaf is at 
least very slow and that arsenic may therefore be termed a cumulative 
poison. 

SOLUBLE ARSENIC IN ACID LEAD ARSENATES 

A summary is given in Table 4 of the toxic concentrations of arsenic 
acid and the equivalent percentages of soluble arsenic in powdered 
lead arsenate when used in the proportion of 1 pound to 50 gallons 
of water. 

Table 4. — Minimum concentrations of arsenic acid causing various types of injury 

to peach foliage 


Trace of leaf burning. . 

Light leaf burning 

Moderate leaf burning. 

Severe leaf burning 

Light defoliation 

Complete defoliation.. 
All twigs killed 


Extent of injury 


Minimum 
concentra- 
tions of 
soluble 
arsenic 
pentoxide 
causing 
injury 
specified 


Equivalent 
to the 
percentage 
found in the 
spray when 
the lead 
arsenate 
(used in the 
proportion 
of 1 pound 
to 50 gallons 
of water) 
has a soluble 
arsenic con- 
tent of— 


Per cent 
0. 0012 


Per cent 

0.50 


. 0015 
.0025 
. 0050 
.0075 


.02 
1.04 
2.08 
3. 11 


. 0300 12. 45 

. 0500 20. 75 


Table 5. — Soluble arsenic determinations in distilled water and in well water 


Soluble AS2O5 present when digested 
at 32° C. for 24 hours in— 


Sample No. 

Distilled water 

Well water 
used in 
spraying 
(pH 6.4) 

Unboiled 
(pH 5.7) 

Boiled 
(pH 6.1) 

1 

Per cent 
0.092 
.172 

Per cent 
0.112 
.221 

Per cent 
0.505 
.650 

2 



If it be assumed that all the injury from the use of acid lead arsenate 
is caused by the arsenic that becomes soluble in the spray tank, it 
would appear from Table 4 that a lead arsenate with soluble arsenic 
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in quantities less than 0.50 per cent as arsenic pentoxide would be 
perfectly safe upon peach foliage. This of course refers to the soluble 
arsenic formed in the water used in spraying. According to the 
official methods (7), the solubility is determined in boiled distilled 
water which gives much lower values, as shown in Table 5, owing to 
its greater acidity and lack of buffering power. Where more alkaline 
waters are used in making up the spray, even greater differences 
result. Granting the above assumption, therefore, a lead arsenate 
containing less than 0.11 per cent of soluble arsenic pentoxide accord- 
ing to the official methods would seem necessary to prevent injury. 

This assumption, however, is untrue, as arsenic has been shown to 
be a cumulative poison, and the repeated absorption of much smaller 
quantities of soluble arsenic by the leaves resulted in injury. There- 
fore, if water from frequent rains or dew is available upon the leaf for 
the hydrolysis of the lead arsenate, injury would be expected to occur 
even when an arsenate of very low soluble-arsenic content was used. 
The only safe acid lead arsenate would be one which was not at all 
hydrolyzed by water. This apparently is impossible to obtain, as 
even the purest acid lead arsenate is slowly hydrolyzed by the action 
of water according to the following equation (7, p. 1918): 

5PbHAs0 4 + HOH<=±Pb 4 (PbOH) (As0 4 ) 3 + 2H 3 As0 4 

As the soluble arsenic acid thus formed is constantly being removed 
by passage through the leaf epidermis, the reaction continues to 
move to the right whenever moisture is available, and a concentra- 
tion of arsenic sufficient to cause very severe burning or even defolia- 
tion often accumulates within the leaves. 

Although it is apparently impossible to produce an acid lead arse- 
nate with soluble-arsenic content so low that it will not burn the 
leaves, it is evident that one containing a high percentage of soluble 
arsenic is very dangerous to foliage. 

FIELD-SPRAYING TESTS 

To determine from a practical standpoint just how low the soluble 
arsenic should be for minimum injury, a series of lead arsenates with 
contents of soluble arsenic pentoxide ranging from *0.04 to 1.19 per 
cent were used upon peach trees during the summers of 1927 and 1928. 
These were applied with a double-acting hand pump at 160 pounds 
pressure. All were used in the proportion of 1 pound to 50 gallons 
of water and each tree was sprayed until the spray dripped from the 
leaves. All arsenates were analyzed by the official methods (1). 
These analyses and the results of the spraying tests are given in 
Table 6. High humidity and frequent rains throughout Doth of 
the experimental periods provided an abundance of moisture for the 
hydrolysis of the acid lead arsenate, conditions during 1928 being 
much the more favorable to burning in this respect. 

Discussion of Results 

Perhaps the most important fact brought out by these experi- 
ments is that acid lead arsenate when used alone in the proportion 
of 1 pound to 50 gallons caused very severe injury even when the 
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soluble arsenic was as low as 0.04 per cent as arsenic pentoxide. 
Apparently the soluble arsenic can not be sufficiently reduced to 
prevent burning. 

Table 6. — Summary of field experiments in spraying peach trees with lead arsenate 
solutions ( 1 pound to 50 gallons) containing varying percentages of soluble arsenic 
pentoxide , performed during 1927 and 1928 

EXPERIMENTS OF 1927 




Total 

AS 2 O 3 

(as 

Asa 06) 

W ater- 
soluble 
arsenic 
as AS 2 O 6 

Interval between application and — 


Sample 

Total 

ASiOfl 

Initial 

injury 

Moder- 
ate leaf 
burn- 
ing 

Initial 

defolia- 

tion 

Severe 

defolia- 

tion 

Com- 

plete 

defolia- 

tion 

Final extent of injury 

1 

Per 

cent 

31. 29 

Per 

cent 

0. 16 

Per 

cent 

0. 13 

Days 

4 

Days 

7 

Days 

6 

Days 

14 

Days 

Severe defoliation. 

2 

29. 89 

. 31 

. 17 

4 



14 


Do. 

3.. 

32. 20 

. 45 

.40 

4 

7 

5 

8 


Very severe defoliation. 
Do. 

4 

32. 21 

.45 

.63 

4 

7 

5 

8 


5 

31. 28 

1.14 

.88 

3 

7 

5 

8 

8 

Complete defoliation. 

f>_ 

31. 81 

1.40 

1. 19 

2 

5 

5 

7 

8 

Do. 


EXPERIMENTS OF 1928 


A 

32.80 

.25 

.04 

4 

7 

11 

22 

31 

B 

29.90 

.40 

.11 

5 

7 

11 

27 

37 

O 

32. 46 

.44 

. 12 

4 

7 

11 

18 

27 

J5 

31. 68 

.44 

* - 16 

4 

7 

8 

18 

27 

E 

29. 50 

.30 

. 22 

4 

6 

8 

18 

I 27 

F 

32. 21 

.45 

.61 

3 

5 

8 

11 

! 13 

O 

31.28 

.45 

,82 

3 

4 

0 

11 

13 


Complete defoliation, very 
light twig cankering. 

Do. 

Complete defoliation, light 
twig cankering. 

Do. 

Do. 

Complete defoliation, se- 
vere twig cankering. 

Complete defoliation, very 
severe twig cankering. 


There was no appreciable difference in the injury produced by a 
lead arsenate containing 0.04 per cent and by those containing up to 
0.22 per cent water-soluble arsenic pentoxide. When arsenates 
containing higher percentages of soluble arsenic were used, the injury 
took place more rapidly and the final injury was more severe. 

WATER-SOLUBLE ARSENIC IN CHEMICALLY PURE AND IN COMMERCIAL ACID LEAL 

ARSENATES 

Chemically pure acid lead arsenate was prepared by twice crys- 
tallizing from nitric acid according to Duvillier's method (8), T'his 
was washed thoroughly with acidified water (pH 4.0), dried at 110° C. 
to constant weight, and analyzed. It was found to contain 33.0 
per cent arsenic pentoxide and 64.1 per cent lead oxide, thus proving 
it to be pure acid lead arsenate. After being digested with boiled 
distilled water (pH 6.4) for 24 hours at 32° according to the official 
methods (I), it was found that 0.04 per cent of its weight as arsenic 
pentoxide had dissolved in water. 

Commercial acid lead arsenates are practically never as low as 
this in soluble arsenic, even after repeated washing. Numerous 
analyses were made to determine the causes of the comparatively 
large quantities of soluble arsenic, and typical examples of these 
results are given in Table 7. All analyses were made by official 
m^hod 
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Table 7. — Soluble arsenic found in various samples of acid lead arsenate before 

and after washing 


Sample No. 

Total 

AS 2 O 3 

Total 

AsjOb 

pH “ 

‘ 

Alkaline material present 

Soluble > 
AS: 

Initial 

irsenic as 
2 O 5 

After 
washing & 

j 

Per cent 
0. 450 

Per cent 
32.21 

5. 4 

N one _ 

Per cent 
0.001 

Per cent 

0. 063 

2 

. 396 

29, 50 

0.4 

Excess lead oxitle 

. 158 

. 132 

3 

.450 

31.28 

7.8 

Calcium 

. 759 

. 139 

4__ 

1.400 

32. 40 

5.4 

None., - - _ .... 

1. 190 

. 200 


.130 

33.00 

' 4.8 

do 

.040 

.040 






° 1 Km- powder to 10 c. c. distilled water; shaken, and pH determined after 10 minutes. 
b Washed four times with water acidified with nitric acid (pH 4.0). 

« Chemically pure lead arsenate prepared by the writer. 


Sources of Soluble Arsenic in the Samples 

The soluble arsenic in sample 1 (Table 7) was greatly reduced by 
washing. Since analyses failed to disclose the reason for the large 
quantity of soluble arsenic present, a Sfemplc was boiled for one hour 
in water made acid with nitric acid (pH 3.0), dried, and again ana- 
lyzed. The soluble arsenic content was then found to be 0.10 per 
cent as arsenic pentoxide, indicating that in this case sufficient time 
for reaction during manufacture had not been given. 

In sample 2 the soluble arsenic was not greatly reduced by washing, 
and the greater quantities were apparently due to more rapid hydrol- 
ysis. The speed of hydrolysis of acid lead arsenate increases with 
an increase in OH-ion concentration, and the pH value of this sample 
was found to be somewhat higher than that of pure lead arsenate. 
This is apparently due to the excess of lead oxide, which has a slightly 
alkaline reaction. A large excess of lead oxide is apparently to lie 
avoided, although a slight excess is unavoidable under commercial 
conditions. 

In sample 3 also the large quantity of soluble arsenic was due to 
more rapid hydrolysis caused by higher alkalinity. In this case 
calcium was found to be present, and upon inquiry i,t was found that 
hydrated lime had been added during manufacture to neutralize any 
free acids present. The addition of materials with an alkaline re- 
action should always be avoided where possible. 

In sample 4 the large quantity of soluble arsenic was apparently 
due to the arsenic trioxide present. The arsenic trioxide used in 
manufacture had been incompletely oxidized, and a small quantity was 
present in a loosely bound form, probably as lead arsenite. The 
soluble-arsenic content has invariably been observed to be high when 
a large quantity of arsenic trioxide is present in lead arsenate. 

In sample 5 the soluble arsenic was apparently formed by hydrol- 
ysis of pure acid lead arsenate. The quantity formed was low and 
was not changed by repeated washing with acidified water. 

No samples were found in which the soluble arsenic was due to the 
use of an insufficient quantity of lead. 

EFFECT OF LOW SOLUBILITY UPON TOXICITY TO INSECTS 

As it has been shown that injury can be reduced, but not prevented, 
by the reduction in soluble arsenic pentoxide below 0.25 per cent, 
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and that it is possible to produce a lead arsenate as low as this or 
lower in soluble arsenic, there yet remains the question as to whether 
the toxicity to insects is lowered by this reduction in solubility. 

The digestive juices within an insect's digestive tract which are 
available for reaction with lead arsenate have been found (2, p. 189 ; 
4; 5) to have a slightly alkaline reaction (pH above 7.0). Tests 
conducted by the writer have shown that hydrolysis of lead arsenate 
takes place rapidly in solutions with pH values above 6.0. Under 
these conditions such small differences in initial soluble arsenic 
would be expected to have little or no influence upon toxicity. 

Cook and Mclndoo (S, p . 42 ), as the result of rather extensive 
toxicity tests upon various insects with a number of arsenates, came 
to the following conclusions: (1) No differences in mortality could 
be attributed to the usual differences in the water-soluble arsenic 
content found in insoluble arsenates; (2) toxicity seemed to be based 
upon the stability of a compound and upon how easily it could be 
broken down in the bodies of insects. 

Apparently the initial soluble arsenic, within ordinary limits, has 
little or no effect upon toxicity, and it would seem safe to conclude 
that the soluble-arsenic content of acid lead arsenate could be reduced 
below 0.25 per cent as arsenic pentoxide without loss in toxicity to 
insects. 

SUMMARY 

At low concentrations of equivalent arsenic content, arsenious and 
arsenic acids are equally toxic to peach foliage. At higher concentra- 
tions arsenic acid is the more toxic. 

Arsenic acts as a cumulative poison within peach leaves. 

The minimum concentration of arsenic acid toxic to peach foliage 
contains the equivalent of 0.0012 per cent of arsenic pentoxide. 

Acid lead arsenates containing less than 0.25 per cent of arsenic 

S entoxide in water-soluble form gave minimum foliage injury. 

lo thing of practical importance was gained by further reductions m 
soluble arsenic. 

It is apparently impossible to reduce the soluble arsenic in acid 
lead arsenate sufficiently to prevent serious injury when used upon 
tender foliage. It is therefore evident that acid lead arsenate can not 
be safely used upon susceptible plants without the addition of some 
material to prevent burning. 

The initial soluble arsenic, within ordinary limits, has little or no 
effect upon the toxicity of acid lead arsenate to insects. 
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INFECTION OF FRUIT OF CITRUS BY PSEUDOMONAS 

CITRI 1 


By Harry R. Fulton, Senior Pathologist , and John J. Bowman, Assistant 

Pathologist. Office of Horticultural Crops arid Diseases , Bureau of Plant 

Industry , United States Department of Agriculture 

INTRODUCTION 

The present studies were made for the most part on citrus fruits 
grown in an isolated greenhouse, especially constructed for citrus- 
canker investigations, and situated near Washington, D. C. This 
paper gives findings regarding the invasion of the fruit tissues by 
the canker organism ( Pseudomonas citri Hasse), the rate of multi- 
plication of the bacteria in these tissues, and the resultant growth 
reactions of the fruit. In interpreting results and drawing deduc- 
tions therefrom one must bear in mind that the environmental 
conditions in the greenhouse differ in many respects from those in 
commercial citrus plantings. 

METHOD OF INOCULATION 

Most of the data from this investigation are of a quantitative 
nature, based on the number of visible lesions developing under a 
given set of conditions when a certain number of puncture wounds 
are inoculated. In routine puncturing of citrus leaves for such 
quantitative infection tests it has been found 'convenient to use a 
simple punch consisting of 10 or 20 pins or needles stuck through a 
cork. This method of quantitative testing with punctured grape- 
fruit leaves was used in preference to poured agar plates because 
of the elimination of irregularities due to the growth on plates of 
contaminating organisms that have an inhibiting effect on Pseudo- 
monas citri. 

In the case of young fruit it was found that tfie puncturing instru- 
ment ruptured some of the oil glands. The exuding oil had a ten- 
dency to injure a portion of the adjacent tissue and to interfere with 
a normal infection reaction. A definite test of the matter was made 
by making a large number of punctures singly with a needle directly 
into the oil glands, and by making another group of punctures else- 
where on the same fruit and taking care to avoid the oil glands. 
Similar inoculum of Pseudomonas citri was applied to both groups, 
and the number of infections was noted after the lapse of sufficient 
time for their full development. (Fig. 1.) The results of such a 
test are given in Table 1. 

It is evident that from the standpoint of careful experimental 
technic it is necessary to avoid making punctures into the oil glands 
of the friut. Puncturing of oil glands was avoided in the various 
experiments described in this paper by making punctures very care- 
fully, one by one, under a magnifier. 


1 Received for publication Feb. 26, 1929; issued September, 1929. 
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Table 1 . — Percentages of citrus cankers resulting on fruit from the inoculation 
of punctures into and between oil glands 


Fruit and variety 

Diameter 

Cankers developed at 
punctures— 

of fruit 

Into oil 
glands 

Between 
oil glands 

Per cent 

80 

32 

8 

Ponderosa lemon 

Mm. 

35 

25 

40 

Per cent 

0 

6 

0 

otaheite orange.. - 

Pineapple orange .... 



The inoculum was prepared from fresh, vigorously growing Pseudo- 
monas citri cultures usually on potato plugs. These were checked 
closely to guard against diminution of virulence. Each batch was 
made up so as to be of approximately the same concentration. The 
inoculum was regularly applied to the fruit on moist cotton or cloth 



Figure 1. — Green grapefruit inoculated with a suspension of Pseudomonas citri. On one side (A) a 
group of punctures was made into the oil glands. On the other side (B) punctures were made be- 
tween the oil glands. Extensive infection occurred in the latter instance, but none in the former. 
There are scattered stomatal infections where no punctures were made 

swabs. These were left on under wrappings of several folds of 
paraffin paper, which were removed after a few days. 

INFLUENCE OF AGE OF WOUND ON AMOUNT OF INFECTION 

To determine what influence the age of the wound at the time of 
infection has on the percentage of canker lesions that will develop, 
several groups of 50 punctures between oil glands were made on 
susceptible young fruits at four different times, over a period of 50 
hours. Until the end of the 50-hour period the fruits were left dry and 
unwrapped. At that time inoculum of the same concentration was 
applied simultaneously to all groups of punctures on all fruits. The 
results are given in Table 2. 

Evidently wounds as much as 8 hours old when kept dry are not 
very likely to become infected. Only 3 out of 13 fruits developed 
any infection through wounds of this age, and such infection was only 
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one- tenth to one-fifth as great as developed through fresh wounds on 
the same fruits. These three and one other fruit are the only ones in 
this test that developed stomatal 2 infections at apparently uninjured 
places. The fruits with stomata] infections were the youngest ones 
m the test, as evidenced by their comparatively small sizes for their 
respective varieties. All of this might indicate a state of greater 
tissue susceptibility for these fruits; but other fruits showing equal 
or higher percentages of infection for freshly made wounds failed to 
develop any infection in the wounds that were 8 hours old. 

Table 2. — Percentages of green-fruit punctures which developed cankers after 
being kept dry for different periods before inoculation 


Infection percentages, when the wounds 





dried for — 


Number 







of stoma- 

Fruit and variety 

of fruit 

Less 




tal infec- 
tions tier 



than 

1 hour 

8 hours 

26 hours 

50 hours 

. 

fruit 


Mm. 






Pineapple orange. .. 

46* 

*20 

0 

0 

0 

0 

Do.. . 

55 

4 

0 

0 

0 

0 

Ruby orange 

38 

8 

0 

0 

0 

0 

Otaheite orange 

20 

20 

2 

0 

0 

3 

Do 

25 

80 

0 

0 

0 

3 

Do... 

Duncan grapefruit . 

36 

42 

12 

20 

0 

4 

0 

0 

0 

0 

0 

1 

Ponderosa lemon . 

21 

44 

6 

0 

0 

5 

Do 

55 

33 

0 

0 

0 

0 

Key lime. 

30 

48 

o. 

0 

0 

0 

Rangpur lime 

40 

50 

0 

0 

0 

0 

Citron - 

34 

2 

! 0 

0 

0 

0 

Do 

39 

70 ! 

o 

i 

0 

0 

0 


In another test the fruit was kept moist from the time of puncturing 
until inoculated. In this case infection occurred readily in wounds 
24 hours old, but the percentages were lower th^n when the wounds 
were freshly made. 

Perhaps here, as in the case of oil-gland punctures, the injury or 
killing of one or more layers of cells renders the substratum unfavor- 
able for the development of infection. A fresh wound gives ready 
access to cells still living, but after the lapse of a few hours the pro- 
gressive dying of exposed cells may present an obstacle to infection. 

Under natural conditions the citrus-canker bacteria are disseminated 
mainly in water, and some of the greatest outbreaks of infection have 
occurred after violent storms that injured foliage and fruits. It 
might be inferred from these experimental tests that injuries such as 
thorn scratches, limb rubs, sand scurfs, or insect punctures or bites, 
occurring during dry weather, with the lapse of some hours before 
precipitation, would lead to comparatively little infection. 

INFLUENCE OF STRENGTH OF INOCULUM ON AMOUNT OF 

INFECTION 

Tests were made of the effect of using very strong as compared with 
weaker grades of inoculum on wounded citrus fruits selected so as to 
be as nearly as practicable of the same size. The strongest inoculum, 
indicated as 1/1, was made by using one 3-day-old potato-cylinder 


s For convenience the term ‘ * stomatal infections ’ ’ has been used to indicate the infections arising at points 
not wounded, although it is recognized that some of these may have been in reality at unrecognized wounds. 
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culture of Pseudomonas citri in 200 c. c. of water. Dilutions of 1 in 20 
and 1 in 400 were made from this. In Table 3 are given the results 
of one test carried out in this way. Others gave similar results. 

Table 3. — Percentages of wound infection of citrus fruits resulting from, the use of 
various dilutions of inoculum 


Fruit and variety 

Diame- 
ter of 
fruit 

1 1/1 inoculum 

1/20 inoculum 

1/400 inoculum 

Fruits 

Aver- 
age in- 
fection 

Fruits 

Aver- 
age in- 
fection 

Fruits 

Aver- 
age in- 
fection 



Nurn- 

! 

Per 

Num - 

Per 

Num- 

Per 


Mm. 

her 

cent 

ber 

cent 

ber 

cent 

Otaheite orange. 

21-27 

4 

38 

2 

0.5 

2 

0.5 

Parson Brown orange .. 

34-37 

1 

25 

1 


1 

2 

Double-flowered orange 

43 

1 

20 


1 


Chinese lemon.. . 

46 

1 

10 

1 1 

2 







1 





The strongest inoculum produced the highest percentages of 
infection, and the resulting cankers appeared first and reached full 
size soonest. The same inoculum applied at the same time to 
punctured grapefruit leaves gave 100 per cent infection from the 
1/20 dilution and 38 per cent from the 1/400 dilution. In other 
tests punctured fruits of grapefruit have only rarely exceeded 50 
per cent infection even with inoculum as strong as the 1/1 used in 
this test. This indicates that very much stronger inoculum, approach- 
ing 400 times as strong, is required to produce a given amount of 
infection on wounded fruits than on wounded leaves of grapefruit. 
Similar findings have been made for commercial oranges, lemons, 
and limes. In natural outbreaks of canker in orchards, leaves seem 
to be much more readily infected than fruits. 

These points are further shown in a test with Otaheite orange 
leaves and fruits using strong and weak inoculum, prepared as 
indicated above, of 1/1 and 1/400 strengths. (Table 4.) In recording 
results four stages of development of a canker spot are recognized: 

(1) Watery stage, the first distinctly visible water-soaked appearance; 

(2) pimple stage, small definite spots very slightly, if at all, raised; 

(3) blister stage, spots distinctly raised and enlarged but not broken 
open; and (4) erumpent stage, corky development approaching fully 
formed cankers. Table 4 indicates by stages the rate of develop- 
ment of the canker lesions as well as the percentages of infection on 
Otaheite oranges. The development throughout was somewhat 
slow because of rather low night temperatures in the greenhouse in 
the winter, when this test was made. 

With each strength of inoculum the canker development was greater 
and faster on mature leaves than on either size of fruit, and on the 
smaller and younger fruits than on the somewhat larger and older 
ones. The strong inoculum brought about a quicker development 
of canker than did the weak inoculum on leaves and on both sizes of 
fruits. Comparing effects of 1/1 inoculum on fruits with those of 
1/400 inoculum on the mature leaf, it is seen that the increase of four 
hundredfold in strength of inoculum was not sufficient to cause in- 
fection on these green fruits comparable with that produced on the 
leaf by the weaker strength of inoculum. 
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Table 4. — Percentages of infection and rate of development of cankers on punctured 
fruits and leaves of Otaheite orange , following the use of strong and weak inoc- 
ulum 



Strong Inoculum, 1/1 


Mature leaf 

Small fruit (31 mm.) 

Large fruit (44 mm.) 

Days after inoculation 








Per 


Per 


Per 



cent 

Stage 

cent 

Stage 

cent 

Stage 


infected 


infected 


infected 


2 

0 


0 


0 


5 

0 


0 


0 


7 ... . 

20 

Pimple. 

0 


0 


9 . 

00 

Blister 

0 


0 

.. . 

15 

(•) 


( a > 



(“) 


19 . 

100 

Erumpent 

(*) 

Watery 

(») 

Watery. 

26 

100 

do 

10 

Erumpent 

(ft) 

Do. 

34 ... 

100 

do 

20 

do 

4 

Pimple. 

43 . 

100 

do 

20 

do 

(<■) 


50 

100 

. . .do 

40 

do 













Weak inoculum, 1/400 




* 

Mature leaf 

SmaTl 

fruit (34 mm.) 

Large fruit (47 mm.) 

Days after inoculation 








Per 


Per 


Per 



cent 

Stage 

cent 

Stage 

cent 

Stage 


infected 


infected 


infected 


2 

0 


0 


0 



0 


0 


0 


7 

0 


0 


0 


9 

15 

Blister 

0 


0 


15 .. ... 

75 

. _ .do _ 

( b ) 

Watery _ _ 

0 


19 . . 

80 

do 

( h ) 

do' 

0 


26 . . .. 

85 

Erumpent 

(ft) 

do. 

0 


34 .. 

85 

.do .. . 

(<) 


M 


43 

90 

do 



50 

90 

do. 






1 





°No record made. 6 Few cankers. * Fruit dropped. 


RATE OF MULTIPLICATION OF PSEUDOMONAS CITRI IN FRUIT 

LESIONS 

The method used for estimating the relative numerical increase of 
bacteria in inoculated fruit punctures was as follows: Punctures were 
made in numerous groups of 10 each on the fruit to be tested. Inoc- 
ulation was made with cotton swabs in the usual way, the inoculum 
being strong enough to insure infection. Later at various time inter- 
vals a given number of the groups of punctures, regularly 6 comprising 
a total of 60 punctures, were removed with a flamed disk cutter in 
such way as to include the full thickness of the peel. These 6 uni- 
formly cut disks were thoroughly teased out in 20 c. c. of sterile 
water. A portion of the resulting bacterial suspension, designated 
as d/1, was further diluted 1 in 20, and the dilutions were continued 
in the same ratio as far as might seem requisite. These several 
dilutions were then used to inoculate freshly made punctures on 
grapefruit leaves, regularly using 200 punctures on each of five leaves 
on each of two plants, making 2,000 punctures for a test of each 
dilution of each sampling. Records were made in due time of the 
number of cankers developing on the test le'aves. The senior writer 
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has previously estimated 3 by this method that 2 to 4 infections 
developing in 2,000 punctures give evidence of something like 30 
viable organisms per cubic centimeter of inoculum. This ratio of 
approximately 10 organisms per cubic centimeter of inoculum to 1 
infection per 2,000 punctures holds very regularly up to about 300 
infections per 2,000 punctures. Table 5 gives the results of one such 
test. 


Table 5. — Increase of Pseudomonas citri in a 84-mm. Otaheite orange fruit , as 
evidenced by the number of infections per 1,000 punctures developing on grapefruit 
leaves from inoculum prepared from samples taken at stated times from the orange 
fruit 


Days after inoculation 



d/1 

d/20 

d/400 

d/8,000 

d/160,000 

0 

0 

0 

0 



2 

80 

6 

0. 5 

0 


5 

160 

3 

.5 

0 

0 

7_ 

1,000 

1,000 

975 

55 

8 

0.5 

9 

500 

14 

0.5 

0 

15 — 

1,000 

1,000 

1,000 

100 

28 

19 

1,000 

1,000 

1,000 

75 

11 

26- 

1,000 

1,000 

1,000 

57 

8 


Infections per 1,000 punctures developing from 
various dilutions of inoculum from samples from 
orange fruit 


Evidently there was a very definite and considerable increase 
during the first 15 days in the number of bacteria in the sampled 
fruit punctures. From the fifteenth to the twenty-sixth day there 
was no evidence of continued increase, but there was a suggestion of 
possible decline in numbers. Tests made on the fifth and ninth days 
seem to be erratically low. Comparing the showing of the second 
day with that of the seventh, and the latter with that of the fifteenth, 
and noting the dilution of the original inoculum required to produce 
about the same effect on the test leaves, it is seen that there was an 
increase of perhaps two to four hundredfold of bacteria in the fruit 
wounds during each of these two periods. This means about eight 
generations of bacteria, if a regular geometrical rate of increase is 
maintained, during a 5-day period in the first case and during an 
8-day period in the second. With the probability of considerable 
slowing down or actual reaching of a standstill two or three days 
before the fifteenth day, one may presume that most or all of the 
increase for the second period was also during a 5-day period. 

The Otaheite orange fruit used in this test was the 34-mm. small 
fruit receiving the weak 1/400 inoculum as shown in Table 4. The 
test was run at a somewhat low range of greenhouse temperature 
during the winter. This fruit did not give external evidence of 
infection until the fifteenth day, when there was hardly more than an 
indefinite watery appearance, and it did not develop more decided 
symptoms before dropping after the twenty-sixth day. 

The sampling taken on the fifteenth day in the d/160,000 dilution 
gave infection of 28 out of 1,000 or 56 out of 2,000 wounds jm grape- 
fruit leaves. This would indicate about ten times 56 or 560 organisms 

* Fvlton, H. R. decline of pseudomonas citri in the soil. Jour. Agr. Research 19; 207-223. 1920. 
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per cubic centimeter for the inoculum used. The estimate for the 
d/1 inoculum would, therefore, be 160,000 times 560 or 89,600,000 
organisms per cubic centimeter. If this is regarded as an even 
90,000,000, the 20 cubic centimeters of this inoculum would have an 
estimated bacterial content of 1,800,000,000. These were from 60 
inoculated fruit punctures, only a few of which showed the first 
suggestion of canker development. This would indicate an average of 
about 30,000,000 organisms in each incipiently infected wound at 
the end of the 15-day period. Tests with samples from similar spots 
made immediately after inoculation gave negative results even in 
the d/1 dilution by amethod that shouldhave shown the pres- 
ence of as many as 30 organisms per cubic centimeter of inocu- 


lum, corresponding to 
10 organisms from 
each sampled punc- 
ture. This indicates 
an increase ratio of 
something like 1 to 
3 , 000 , 000 . 

Tests parallel to 
those shown in Table 
5 for the small Ota- 
hcite orange fruit were 
made for the other five 
inoculated fruits and 
leaves shown in Table 
4, except that sam- 
plings were not begun 
until the ninth day 
for the strong-inocu- 
lum series, and addi- 
tional samplings were 
made on the thirty- 
fourth and fiftieth 
days for parts that 
had not dropped pre- 
viously. 

In an earlier test 
made in September 
similar strong inocu- 
lum was used on a 34- 
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Figure 2. — Comparative rate of increase on a logarithmic basis of 
Pseudomonas citri in the tissue of large fruit; small fruit, and leaf of 
Otaheite orange following inoculation with strong (1/1) and weak 
(1/400) inocula. The breaks in the curves for the small fruit (strong 
inoculum) and the leaf (strong inoculum) indicate that the data 
were taken from two separate tests 


inm. Otaheite orange fruit and on a mature leaf of the same plant, 
and three tests for bacterial increase were made on these at intervals 
during the first eight days. The data secured from this experiment 
seem to be concordant with the later results and are included in 
Figure 2. 

The curves of Figure 2 were plotted to represent relative rates of 
increase of the bacteria in these six inoculated parts. The points on 
these curves were determined as follows: Relative estimates of the 
number of bacteria per infected puncture were made for each sampling 
by multiplying the dilution denominator by the number of infections 
produced per 2,000 leaf wounds; by multiplying this product by the 
factor 10 (average number of organisms per cubic centimeter of 


70921—29 2 
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inoculum to produce 1 infection per 2,000 leaf wounds), and by 20 (the 
number of cubic centimeters of inoculum) ; and by dividing the final 
product by 60 (the number of fruit punctures in the sample). An 
example of such a calculation is given on page 407. 

To secure the greatest possible reliability for the estimates, two cal- 
culations were made for each sampling based on the results of two 
dilutions of inoculum selected as giving readings as nearly as possible 
within a range of 20 to 300 infection counts per 2,000 leaf punctures. 
The two estimates so obtained wore averaged for the final estimate. 
The resulting number range from small to very large. To keep the 
graph within convenient size, the logarithms of the numbers were 
plotted rather than the numbers themselves. Since the multipli- 
cation of bacteria tends to be in geometrical progression, the plotting of 
logarithms gives a proper representation of such increase. 

The indication from the increase curves of Figure 2 is that the bac- 
teria multiplied with fairly equal rapidity in five of the six tests 
despite differences in host tissue and in strength of inoculum. The 
exception is the test of the larger fruit with the weak inoculum. Here 
there apparently was a slow start, followed by a very rapid increase to 
a maximum somewhat above that reached by four of the other five 
tests in the same 26-day period. The significant thing is that bacterial 
increase within the tissue should have been at so nearly the same 
rate while the development of visible lesions in the same material 
was so markedly different in both rate and extent of development, 
as has been shown in Table 4. For instance, on the ninth day for 
the strong inoculum neither of the fruits gave visible evidence of 
"infection, while the leaf showed 60 per cent of the wounds at the 
blister stage. Inoculum prepared from samples of all three parts 
was of about equal potency on wounded grapefruit leaves. In the 
case of the three weak-inoeulum tests there was an initial lag, which 
was overcome by the fifteenth day in two cases and by the twenty- 
sixth day in the third case. Generally speaking, approximately 
maximum development of bacteria was reached in about 15 days. 

The test was repeated, using Otaheite orange of three sizes (40, 31, 
and 22 mm. in diameter) in comparison with mature leaves, and the 
same general results were obtained. 

These experimental results raise a question as to what constitutes or 
measures susceptibility or immunity to citrus canker. Judging by 
external appearances as recorded in Table 4, one would say that the 
mature leaves of Otaheite orange are much more susceptible to 
wound infection than a 31 -mm. fruit. But five samplings from the 
ninth to the fifty-sixth day gave indications of somewhat greater 
numbers of bacteria in the fruit than in the leaf for four of the five 
samplings. Even more striking is the comparison between the mature 
leaf and the small fruit receiving the weak inoculum. The develop- 
ment of an externally apparent canker is really a growth reaction of 
the host tissues. The presence of the causal organisms in sufficient 
numbers is a requisite for such development; but apparently under 
certain conditions the bacteria may be present in equal maximum 
number after having been equally active in multiplying within the 
tissue, and; yet produce little or no canker reaction. In such cases the 
absence or weakness of canker development, usually taken to indicate 
resistance to the disease, does not seem to be due to any restrai n ing 
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of bacterial activity, at least so far as their ability to grow and repro- 
duce is concerned. This phenomenon constitutes what may be 
termed “ quasi resistance” or “quasi immunity.” This places 
emphasis on the importance of the reaction capacity of the host tissue 
rather than on the ability of the bacteria to flourish within the tissue 
as a determining factor in the production of canker lesions. The 
weak inoculum produced less visible effect than that four hundred 
times as strong (Table 4), but the results plotted in Figure 2 show that 
by the fifteenth day in two cases out of three the weak inoculations 
had reached approximately the same numerical level for bacterial 
invasion as the strong. While it might be assumed that a certain 
threshold number of bacteria must be present, or a certain quantity 
of bacterial metabolic activity must go on, in order to provide the 
proper stimulus for canker reaction in a given host-plant tissue, the 
present data indicate that the citrus tissue may be in a relatively 
nonresponsivc condition without apparently offering any hindrance 
to Pseudomonas citri development, but in which the visible canker 
reaction is considerably limited or does not take place. Host tissues 
in different conditions of responsiveness may require different amounts 
of bacterial stimulus for a given effect, in which case the same amount 
of bacterial stimulus would be expectedHo produce different effects. 

RATE OF MULTIPLICATION OF PSEUDOMONAS CITRI IN GREEN FRUITS OF VARIOUS 

CITRUS VARIETIES 

Using the method already described, tests were made on green citrus 
fruits of various varieties and various sizes. These tests were made 
during the summer months, and the higher range of temperature 
gave a more rapid rate of multiplication of canker bacteria than that- 
shown in Figure 2. The samplings were made at more frequent 
intervals. Conditions w r ere favorable for blue-mold rot, and the fruits 
often became infected through the sampling wounds in spite of all 
precautions. Whenever blue-mold rot set in, tests for viable 
canker bacteria gave negative results. Even before the sampled 
portion actually rotted there was a considerable reduction in the num- 
ber of bacteria. The effect of blue-mold rot on the persistence of the 
canker organism is considered further in another section of the paper. 

Logarithms to the first decimal place have been calculated to repre- 
sent the average rate of increase of bacteria per inoculated puncture, 
and the results are given in tabular form in Table 6 for three separate 
experiments. 

The first samplings made after inoculation gave somewhat irregular 
results. If such sampling is made immediately after the inoculum 
is applied, the showing for viable bacteria is abnormally high because 
of inclusion of the residue of inoculum. If made after about an 
hour, when the fruit has become surface dry, the showing is many 
times lower or even negative. Since the rate of drying and conse- 
quent dying of superfluous bacteria is very variable, the results obtained 
for starting figures are irregular and sometimes abnormally high. 
Usually only one fruit of a series was sampled at the time of inocula- 
tion, and the estimate obtained was assumed to hold for ail in the 
series. 
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For the three Ponderosa lemons the rate of increase was much the 
same up to the fifth day, when the smallest one began to show a 
decline, the fruit being invaded by Penicillium. The 87-mm. fruit 
was similarly affected after the fourteenth day. This largest fruit 
did not develop any external evidence of canker reaction during the 
24 days. The 62-mm. lemon developed 50 per cent of fully erumpent 
cankers during the test. The smallest (37 mm.) fruit showed 10 per 
cent of erumpent spots before its premature loss, and undoubtedly 
would have shown the greatest amount of canker reaction if it had 
persisted. 

The two sizes of Parson Brown oranges and the two of Pineapple 
oranges showed definite increases to about the same general level. 
Unfortunately, three of these four fruits succumbed to blue-mold rot 
after the fourth day and before visible cankers could be expected. 
The remaining 37-mm. Pineapple orange developed 5 per cent erum- 
pent cankers during the first 10 days. The 37-mm. Satsuma orange 
did not develop any external evidence of infection during the 19-day 
period. Field observations in canker-infested territory have shown 
the very high resistance amounting almost to immunity of Satsuma 
fruits to natural infection. In tfie present experiment the rate of 
increase in Satsuma fruit was fully as rapid as in the Pineapple orange 
of the same size, the latter developing normal symptoms of canker 
and the former none. The invasion through wounds and the sub- 
sequent multiplication of canker bacteria seem to have been closely 
parallel. One variety reacted in such a way as to form cankers, but 
the other variety did not visibly react. The grapefruit leaf in the 
same experiment gave lower tests in early stages than the orange 
fruits, but the maximum finally reached was approximately the same. 
The leaf by the thirteenth day had developed cankers of the blister 
stage at 100 per cent of the wounds. 

The last section of Table 0 (experiment C) shows very rapid increase 
during two days in wounded fruits of key lime and Walters grapefruit, 
and the increase in wounded grapefruit leaf is given for comparison. 
Unfortunately, the two fruits were soon lost from blue-mold rot. 
The grapefruit leaves showed 90 per cent of visible canker in the 
blister stage on the tenth day. The possibility of wound infection 
without external reaction is thus demonstrated for a representative 
series of green citrus fruits. With increase in size of fruit beyond a 
certain point the development of external visible lesions is hindered, 
but the bacteria multiply practically as rapidly as when typical 
cankers are formed. 

RATE OF MULTIPLICATION OF PSEUDOMONAS CITRI IN MATURE FRUITS OF 
VARIOUS CITRUS VARIETIES 

Some of the inoculated fruits used in previous tests were approaching 
full size, but the peel was still green. It seemed desirable to test 
fruit in a more matured condition. Tests were made on fully colored 
fruit still attached to the trees in the greenhouse. The results are 
given in Table 7. A comparison with Table 6 shows very little dif- 
ference in rate of increase between green and mature fruit. As mature 
fruit soon became infected with blue-mold rot, the tests ended 
prematurely. 
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Table 7. — Relative logarithmic numbers of citrus-canker organisms estimated for 
each infected puncture of ripe citrus fruits sampled at different times after inocu- 
lation , indicating the progressive numerical increase on a geometrical basis 



Experiment A 


Experiment B 

Days after 

Pineapple 

Duncan 

Ponderosa 

Days after 

Pineapple 

Ponderosa 

inoculation 

orange 

grapefruit 

lemon 

inoculation 

orange 

lemon 

0 1 

2. 8 

2.8 

2.8 

0 

1.3 

0.9 

i 

7 9 

0.0 

7. 7 

1 

4.2 

3. 9 

«> 

6. 8 

7.4 

0.0 

2 

5.2 

0.2 

3 




3 

5.0 | 

7.3 


5. 3 

2.5 ! 

5.4 

0 

2.3 

4.0 



1 






Mature fruits of orange, grapefruit, and lemon from the market were 
tested at two different times. In one instance the fruit was lost from 
decay after the fifth day; in the other it was held over a 28-day period 
and sampled every five days. In both tests the orange and the lemon 
gave negative results at every sampling after the first, which was made 
just after inoculation. The grapefruit in each case gave low estimates 
on the fifth day, indicating persistence with little if any multiplica- 
tion. In the longer test the same condition was shown by the grape- 
fruit on the tenth, fifteenth and twenty-first days, with negative 
results on the twenty-eighth day, the last testing. In still another 
experiment a mature grapefruit from the market was inoculated 
through wounds in the usual way, and 74 days later a test indicated 
something like 32,000 bacteria per puncture. This fruit had been 
held without intervening sampling and had not developed external 
lesions. 

There is apparently a very marked difference in the behavior of the 
canker organism following inoculations in the peel of mature fruit 
after removal from the tree as compared with its behavior in the peel 
of mature fruit still on the tree. Possibly changes in the physiologi- 
cal condition of the fruit resulting from its removal from the tree are 
responsible for this difference. It is to be noted that in the cases of 
Diplodia and Phomopsis stem-end rots the advance of rot into the peel 
normally does not occur until some days or weeks after the fruit is 
removed from the trees, although there is abundant evidence that 
incipient infection already exists. Here the senescent changes in the 
peel favor the development of fungi having saprophytic tendencies; 
it is not inconsistent to presume that these changes would in equal de- 
gree hinder the development of an organism having definitely para- 
sitic habits like Pseudomonas citri. 

PERSISTENCE OF BACTERIA IN OLD CANKERS ON MATURE 

FRUITS 

The question arises about the viability of Pseudomonas citri in 
typical canker lesions of mature fruits that originated while the fruit 
was young and green. In the greenhouse experiments certain fruits 
were inoculated while young and developed typical canker lesions. 
Six to seven months later, when these fruits were fully mature, tests 
were made on punctured grapefruit leaves in the usual way for evi- 
dence of viable canker bacteria. The test included two fruits of 
Pineapple orange, three fruits of Otaheite orange, two fruits of Pon- 
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derosa lemon, two fruits of Rangpur lime, one fruit of Temple orange, 
and one fruit of Duncan grapefruit. In every ease the results were 
negative. (Fig. 3.) 

From time to time fruits with well-developed cankers have been 
intercepted by quarantine inspectors and submitted for diagnosis. 
The obtaining of viable Pseudomonas citri from such specimens has 
been uncertain, although in a few instances successful cultures of 
the canker organism have been made from such material. (Fig. 4.) 
Infected fruits were too limited in number for a definite determination 
of the time limits of viability of the organisms in the lesions. This 
doubtless varies greatly with conditions. 

EFFECT OF PENICILLIUM ROT ON VIABILITY OF PSEUDOMONAS 

CITRI 


It was noted earlier in this paper that development of Penicillium 
rot in a fruit under test is regularly followed by a decrease in the 
number of viable canker bacteria 
recoverable. To test the matter defi- 
nitely, mature orange fruits on the tree 
were puncture-inoculated at several 
locations with the canker organism. 

One day later Penicillium digitatum 
was introduced at one place on the 
fruit. Two days after this, when the 
softening from the blue-mold rot was 
apparent, tests were made from groups 
of punctures very near the advancing 
edge of the rot, but where the tissue 
had not yet softened, and also from 
punctured areas on the opposite side 
of the fruit. In one experiment the 
average of five tests from near the edge 
of the rotted area gave 5 infections per 
1,000 grapefruit-leaf punctures for the 
d/1 inoculum, and a similar average 
for material from the opposite side of 
the fruit was 975 infections per 1,000 test punctures for a similar 
dilution of inoculum. In a second experiment samples taken from 
areas recently invaded by Penicillium gave negative results, while 
material taken at a distance gave an average of 403 infections per 
1,000 test punctures. 



Figure 3.— Canker lesions on a mature 
Pineapple orange, the result of inoculation 
of the young fruit six months previously. 
These old cankers did not give evidence of 
containing viable Pseudomonas citri when 
culture and inoculation tests were made 


INFLUENCE OF SIZE OF FRUIT ON DEVELOPMENT OF CANKER 


In previous tests estimates were made quantitatively for the pres- 
ence of the canker bacteria in the host tissues, and estimates of their 
numbers were made regardless of whether there were externally 
apparent lesions. Such testing requires much time and material. 
In ordinary practice reliance is put on the development of externally 
visible lesions to determine the fact and extent of infection. In the 
experiments that follow, this observational method was used to 
determine the range of fruit size or age in which infection is possible, 
either through wounds or without wounding, and the size of fruits 
giving the best development of lesions. 
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The, method used may be illustrated by the following experiment: 
Four Homosassa oranges of approximately the same size, averaging 
30 mm. in diameter, were punctured carefully between the oil glands, 
50 punctures in each group, inoculated with standard inoculum on a 
swab, and wrapped. About 7 to 10 days later a new group of punc- 
tures was made in a different location on the same fruits, inoculum 
was applied, and the fruits were remeasured. The same proce- 
dure was followed until five successive tests had been made on these 


fruits, the last being when their average size was 50 mm. Close 
records were kept of the starting of visible infection at any group of 
wounds, or on the adjacent un wounded but inoculated surface. 

In this test the average infection at the outset, at 30 mm. average 
size, was 47 per cent of erurnpent lesions. The greatest average 
percentage of infections for any inoculation was 82 per cent at the 

36 mm. average size, and these lesions 
reached a greater size than the others. 
At an average size of 48 mm. the 
lesions were still fairly numerous, 
averaging 41 per cent, but they were 
quite small, and none became erum- 
pent. At 50 mm. average size there 
was only 9.5 per cent of infection, 
and the lesions were barely discernible 
as such. It thus appears, as judged 
by ordinary standards, that Homo- 
sassa oranges, under the conditions 
of this test, manifested greater suscep- 
tibility to canker infection through 
wounds at a size of about 36 mm. 
(nearly 1 % inches) in diameter than 



Figure 4.— Orange infected with canker, in- 
tercepted at San Francisco in the baggage 
of a passenger from Japan. Cultures or 
inoculation material from old lesions on such 
mature fruits may or may not give evidence 
of viability of Pseudomonas citri 


at smaller or larger sizes. The upper 
size limits of susceptibility to wound 
infection seemingly had been almost 
reached at the end of the test at an 


. average size of 50 mm. (2 inches). 
In this test, fruits developing stoma tal infections were more closely 
limited in size range, the smallest fruits showing any infection being 
the 29 nun, size and the largest 35 mm., with an average size of 32 
mm. and an average of eight infections per fruit, all well developed. 
1 he beginning size for stomata! infections on this variety is not indi- 
cated by this test, and the optimum size is very likely smaller than 
the initial sizes used. Since inoculations were repeated three or four 
times after the fruits had passed the 35 mm. size, it may be safely 
concluded that this is about the upper limit of susceptibility for stom- 
atal infection of this variety under the conditions of this experiment. 

in the same general way tests were made on a considerable number 
of varieties of green citrus fruits in the greenhouse. (Fig. 5.) Since 
supply of such fruits was limited, it was not usually possible to 
select a group of the same size for inoculation at the same time, 
inoculations were therefore made on fruits of any suitable size, 
proper measurements and records being made. It is recognized that 
size is by no means an exact indication of age, since individual fruits 
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may grow at different rates even when of the same variety, and the 
different varieties and classes of citrus fruits vary much in rate of 
growth and maximum size attained. This testing of varieties ex- 
tended over three seasons, and naturally the various fruits used 
were subjected to a variety of growth conditions. An attempt was 
made to make inoculations as uniformly as possible, and with inoculum 
strong enough to produce a maximum of infection. Parallel inocula- 
tions were always made on punctured grapefruit leaves and always 
yielded practically 100 per cent of infection. Difficulty was ex- 
perienced in getting records on fruits smaller than about 18 mm., 
because the injury caused by the puncturing and the covering of 
moist wrappings seemed to induce dropping. Records of infection 
were made after sufficient time had elapsed for infection to reach a 



Figure 5.-- A.™ Ponderosa lemon. Five rows of 10 punctures each (partly showing) were made 
and inoculated when the fruit was 50 mm. in diameter. These developed 82 per cent infection. 

The circular group of 50 punctures ..t the left was made and inoculated wnen the fruit had reached 
a diameter of 65 mm., but no infection resulted. B. — Navelencia orange. The circular group 
of 50 punctures at the right side of the fruit was made and inoculated when the fruit was 28 mm. 
in diameter, and developed 30 per cent infection at wounds. There were also a few stomata 
lesions. Another group of 50 punctures (near the lower side of the fruit) was made and inocu- 
lated when the fruit had reached a diameter of 43 mm. These did not become infected 

maximum, and distinction was made between wound and stomatal 
infections. 

Table 8 gives the summarized results of these tests with particular 
reference to the relationship of fruit size to development of infection. 
In interpreting these results it must be borne in mind that the lower 
limits of infectable range could not be definitely determined because 
of the difficulty in getting very small sizes to persist after being 
inoculated. The poor condition of some that remained may have 
interfered with normal development of infection. If the fruits were 
not punctured, more of them remained attached, and so the test 
range could be carried lower for stomatal than for wound infections. 
It is noteworthy that the sizes that gave the greatest amounts of visible 
infection were usually at some distance from either the upper or 
the lower limits of the range tested, when any considerable num- 
ber of tests were made for any variety. Toward the upper limits 
of infection the reaction lessened progressively from visible excres- 
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cences to mere external yellowing and finally to slight internal dis- 
coloration. It must be emphasized that the results in Tables 
8 and 9 are not finally conclusive, and caution must be exercised 
in making any general deductions from them. In some instances the 
numbers of fruits tested were too low for reliable results. Numerical 
estimates based on the inoculated leaf puncture method of testing have 
shown the active invasion of fruits of Valencia Orange to be about 
equal to Pineapple orange in one specific experiment, and that of 
Washington Navel to be distinctly less. In the same way invasion of 
fruit of Royal grapefruit was proved to take place, but in a less degree 
than in Marsh grapefruit. A single test to determine invasion of 
fruit of Nagarni (oblong) kurnquat gave negative results under rather 
unfavorable conditions for the test, due to the usually quick rotting 
of wounded kumquats. 


Table 8. — Results of inoculating fruits of various citrus varieties with Pseudomonas 
citri f showing the sizes most readily infected 


Fruit and variety 


Pineapple orange 

Homosassa orange- .. 
Parson Brown 

orange. 

Mediterranean 

Sweet orange 

Valencia (Lue) 

orange 

Navelencla orange.. 

Ruby orange 

Washington Navel 

orange 

Satsuma orange 

King orange 

Tangerine orange . . . 

Temple orange 

Otaheite orange 

Double-flowered 

orange 

Myrtleleaf orange . . . 
Willowleaf orange. . . 
Duncan grapefruit . . 
Walters grapefruit.. 

Royal grapefruit 

Eureka lemon 

Lisbon lemon 

Kenedy lemon 

Villafranca lemon . _ . 

Lamb lemon 

Chinese lemon 

Rough lemon 

Ponderosa lemon 

Key lime 

Rangpur lime 

Sylhet lime 

Sunfcara lime.. 

Bearss lime 

Kusaie lime 

Dominican lime 

Woglum lime 

Tahiti lime 

Nagami kurnquat... 

Citron 

Citrus excelsa 


Data concerning wound infections 

Tests 

Size 

range 

tested 

In- 

fected 

fruits 

Size 

range 

in- 

fected 

Opti- 
mum 
size for 
in- 
fection 

Number 

Mm. 

Number 

Mm. 

Mm. 

54 

15-58 

36 

19-58 

40 

30 

17-54 

23 

17-54 

30 

34 

15-61 

20 

21-57 

33 

11 

21-49 

4 

21-48 

25 

9 

25-49 

0 



8 

25-54 

3 

25-32 

27 

4 

38-58 

1 

38 

38 

3 

18-49 

0 



37 

18-51 

12 

18-40 

28 

19 

20-38 

6 

22-38 

30 

17 

16-42 

2 

23-28 

28 

4 

38-60 

0 



39 

9-70 

22 

14-47 

24 

14 

25-48 

f, 

33-46 

42 

13 

16-45 

3 

25-36 

30 

3 

30-40 

1 

30 

30 

28 

25-66 

11 

25-53 

40 

11 

28-65 

3 

28-48 

48 

3 

1 28-46 

0 



9 

! 30-45 

3 

33-36 

33 

10 

21-40 

1 

38 

38 

10 

23-38 

2 

27-35 

31 

6 

27-45 

1 

27 

27 

b 

28-48 

0 



19 

30-53 

8 

30-46 

36 

8 

21-33 

0 



45 

17-92 

25 

21-88 

35-75 

20 

14-31 

13 

17-30 

26 

36 

18-55 

22 

18-48 

27 

16 

15-35 

6 

19-33 

22 

8 

18-32 

6 

18-29 

23 

11 

17-37 

7 

17-36 

20 

18 

11-32 

3 

18-32 

20 

18 

14-36 

3 

16-26 

21 

2 

34-36 

0 



7 

15-35 

0 



17 

12-23 

0 



9 

34-44 

3 

34-39 

39 

6 

12-28 

1 

18 

18 


Data concerning stomatal infections 


Tests 

Size 

range 

tested 

In- 

fected 

fruits 

Size 

range 

in- 

fected 

Opti- 
mum 
size for 
infec- 
tion 

Number 

Mm. 

Number 

Mm. 

Mm. 

60 

8-58 

10 

22-43 

31 

36 

17-54 

3 

29-35 

30 

34 

15-61 

3 

22-26 

22 

15 

16-49 

1 

21 

21 

9 

25-49 

0 



8 

25-54 

2 

28-32 

28 

4 

38-58 

0 



3 

18-49 

0 



50 

11-51 

3 

28-35 

33 

20 

20-38 

0 



22 

11-42 

1 

24 

24 



0 



46 

11-70 

3 

20-25 

25 

17 

19-48 

0 



13 

16-45 

0 



3 

30-40 

0 



33 

8-66 

8 

26-42 

38 

13 

15-65 

2 

40-48 

40 

3 

28-46 

0 



11 

21-45 

0 



9 

21-40 

0 



11 

17-38 

0 



7 

27-45 

0 



3 

18-49 

0 



19 

38-53 

1 

35 

35 

14 

18-33 

0 



54 

11-92 

9 

21-70 

56 

32 

9-31 

3 

20-28 

24 

51 

8-55 

3 

22-24 

23 

16 

15-35 

1 

19 

19 

8 

18-32 

1 

21 

21 

11 

17-37 

0 



22 

7-32 

0 



21 

9-36 

0 



2 

34-36 

0 



10 

12-35 

0 



17 

12-23 

0 



9 

34-44 

0 



6 

12-28 

0 
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In Table 9 data from the same tests are used as a basis for quantita- 
tive expressions of infection for the various varieties. In the tabu- 
lation are included only those fruits that fall within the known 
infectible range of size for the particular variety. Not all fruits 
within such range actually developed infection in the tests. Several 
varieties in which neither wound nor stomatal infection was secured 
are omitted from this table. However, it is to be supposed that some 
of these might react under more suitable conditions or with more 
extended testing. Since the bases on which percentages of infection 
are calculated are reduced by this attempted elimination of sizes 
that may be immune, the resulting showing of infection is higher and 
supposedly a more correct index to the relative susceptibility of the 
various species. But caution must be exercised in drawing general 
conclusions from data having the unavoidable limitations, of these. It 
must be recalled that what is here termed “susceptibility ” is evidenced 
and measured by the outwardly visible reaction of the host tissues to 
the bacterial invasion. It has been shown in other cases that the 
bacterial invasion takes place just as truly, but the host tissues do not 
respond sufficiently to show any external effect. The present data 
do not take into account such invisible inyasion. 

Table 9. — Results of inoculating infectible fruits of various citrus varieties with 

Pseudomonas citri 


Fruit; and variety 


Pineapple orange 

Ilomosassa orange 

Parson Brown orange 
Mediterranean Sweet orange . - 

Navelencia orange 

Ruby orange 

Satsuma orange 

King orange 

Tangerine orange 

Otaheite orange 

Double-flowered orange 

M yrtleleaf orange 

W illowleaf orange 

Duncan grapefruit — 

Walters grapefruit 

Lisbon lemon 

Eureka lemon 

Kenedy lemon 

Villafranca lemon 

Chinese lemon 

Ponderosa lemon 

Key lime... 

Rangpur lime 

Sylhet lime 

Suntara lime 

Bearss lime 

Kusaie lime 

Dominican lime 

Citron.. 

Citrus excelsa 


Data concerning wound infections 


Fruits of suscepti- 
ble sizes 

Infe( 

ted fruits 





1 

Punc- 

Fruits 

Infected 

Punc- 

tures 

Le- 

sions 

tures 

with 

le- 






sions 

Num- 

Num- 

Per 

Num- 

Num- 

Per 

ber 

ber 

cent 

ber 

ber 

cent 

52 

36 

69 

1,800 

614 

34 

30 

23 

77 

1, 150 

415 

36 

34 

20 

59 

1,000 

176 

18 

11 

4 

36 

200 

32 

16 

3 

3 

100 

150 

110 

73 

1 

1 

100 

50 

4 

8 

35 

12 

34 

600 

99 

17 

19 

6 

32 

300 

27 

9 

10 

2 

20 

100 

6 

6 

29 

22 

76 

1, 100 

221 

20 

12 

G 

50 

300 

56 

19 

10 

3 

30 

150 

9 

6 

1 

1 

100 

50 

10 

20 

23 

11 

48 

550 

157 

29 

7 

3 

43 

150 

45 

30 

4 

1 

25 

50 

26 

52 

5 

3 

60 

150 

26 

17 

8 

2 

25 

100 

64 

64 

2 

1 

50 

50 

13 

26 

18 

8 

44 

400 

56 

14 

43 

25 

58 

1,250 

541 

43 

20 

13 

65 

650 

116 

18 

32 

22 

69 

1, 100 

425 

39 

16 

6 

38 

300 

81 

27 

7 

6 

86 

300 

66 

22 

11 

7 

64 

350 

52 

15 

17 

3 

18 

150 

105 

70 

17 

3 

18 

150 

14 

9 

9 

3 

33 

150 

43 

29 

1 

1 

100 

50 

3 

- 6 


Data concerning stomatal 
infections 
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INOCULATION OF FRUIT ON ORCHARD TREES 


On account of the vigorous eradication campaign against citrus 
canker, it has not been possible for the writers to make test inocula- 
tions on orchard trees except in one instance. These few trees were 
outside of a commercial citrus region, in territory in which the eradi- 
cation work was at the time suspended. The orange trees were seed- 
lings, about 12 years old when the inoculations were made in May. 
There was already considerable old and fresh canker infection on the 
leaves of the lower limbs, but none was observed on the fruits. Fruits 
for inoculation were selected on the topmost branches above the drip 
from infected leaves. The fruits were punctured between the oil 
glands, 100 punctures each. Forty fruits were used, ranging in size 
from 18 to 38 mm., all but four being 25 mm. or larger. Strong 
inoculum was prepared by teasing well-developed leaf lesions in water 

until it looked turbid . Theinoculum 
was applied on cotton swabs, and 
the fruit was wrapped with waxed 

showed infection, all at wounds; 4 
of them were in the 25-mm. class 
and averaged 4 infections per fruit, 
and 5 were in the 32-mm. class and 
averaged 3 infections per fruit. 
The greatest number of infections 
per fruit was 14 on a fruit of the 
32-mm. class; the next was 12 on 
a fruit of the 38-mm. class; and the 
next was 6 on a fruit of the 25-mm. 
class. Of the 16 infected fruits, 7 
had 1 infection per fruit. There was no increase in infection during 
the following three months. No stomatal infection developed on 
the inoculated fruits or on other fruits on the tree that had a good chance 
to receive washings from infected leaves. The artificially inoculated 
leaves developed 100 per cent infection. 

While this test was too small in scope for any definite conclusions 
to be drawn, the behavior of the fruits growing naturally on large 
trees in this one instance was in general agreement with the experi- 
ments in the greenhouse in which green fruits on the trees were 
inoculated in a similar way. 



Figure 6 .— Moist-chamber inoculation on de- 
tached green orange, 45 mm. in diameter 


INOCULATION OF DETACHED GREEN FRUITS IN MOIST 

CHAMBERS 

Since the numbors and varieties of green citrus fruits available 
for inoculation in the greenhouse were quite limited, attempts were 
made to broaden the range by using young fruits that had been 
removed from the trees in Florida and sent to Washington. (Fig. 
6.) These were punctured in the usual way, inoculated by dipping 
in a suspension of Pseudomonas citri, and placed in covered dishes 
lined with moist filter paper, care being taken to avoid too much 
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moisture. Small fruits, in general less than 20 mm. in diameter, 
were apt to decay quickly. The larger ones developed canker 
lesions rather more readily than did those on trees in the greenhouse, 
but the infection was much less abundant than was induced on 
leaves of the same variety with the same inoculum. Infection was 
secured on larger sizes of fruit in the moist chambers than on the 
trees. There was a tendency for a small proportion of uninoculated 
fruits, especially very small ones, to form spongy intumescences at 
the wounds that resembled early stages of canker, but did not develop 
into typical cankers. Microscopic examination of these showed the 
absence of bacterial ooze, and platings from them gave negative 
results for the presence of the canker organism. The inoculated 
fruits developed similar intumescences in greater numbers, and these 
always gave abundant evidence of bacterial invasion, both by micro- 
scopic examination and by plating, and the cankers in time developed 
to typical stages. 

In the moist chambers there was the same tendency for the larger 
fruits to develop very slight external cankers, even though the 
bacteria had multiplied considerably in the tissues. This was 
determined by microscopic examination, by plating, and by inocu- 
lation of punctured grapefruit leaves with dilutions from the suspected 
lesions. 

In one experiment fruits of several varieties and of uniform size 
for each variety were used in the moist chambers with three grades 
of inoculum indicated as 1/1, 1/20, and 1/400. Some of the fruits 
receiving the 1/1 inoculum were held in a refrigerator at about 45° 
F. The results are shown in Table 10. 



Table 10. — Percentages of injection developing on wounded citrus fruits kept in moist chambers after inoculation with Pseudomonas citri, using 

different dilutions of inoculum 
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Where strong inoculum was used the infection was evident sooner and 
developed in a larger percentage of wounds than where weaker inocu- 
lum was used. Marsh grapefruit developed lesions more quickly and 
extensively for each grade of inoculum than did Royal grapefruit of 
approximately the same size; and Pineapple orange gave similar 
evidence of having greater susceptibility than Washington Navel 
orange. Marsh grapefruit was first in apparent susceptibility, and 
Rangpur lime was second at both room temperature and in the refrig- 
erator. The final reaction developed with 1/1 at low temperature was 
about equal to that developed with 1/20 inoculum on the same kind of 
fruit at room temperature of about 70° to 75° F., but the time required 
to develop such reaction was much longer at the lower temperature. 
In other words, at the lowor temperature a much stronger inoculum as 
well as a much longer time was required to produce a given result. 

The relative development of canker lesions on wounded fruits of 
grapefruit and orange is shown in Table 11. This test was made in 
moist chambers at room temperature, and three dilutions of inoculum 
were used. Observations were made over a 51 -day period. The 
averages given are for live fruits in each treated lot. In Table 11 the 
term ‘‘blister” is used for any definite infection that had not become 
erumpent, and so it may have included thcfpimple or even the watery 
stage. 


Table 11. — Percentages of canker lesions developing on wounded green grape- 
fruits and oranges held in moist chambers after being inoculated with three dilutiofis 
of inoculum 


Lesions produced on grapefruits (80 mm. : Lesions produced on oranges (55 mm. 
average diameter) with dilution of inocu- average diameter) with dilution of inocu- 
lum indicated ; lum indicated 
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The fruits were rather large, having been removed from the trees in 
August. The total amount of reaction in this moist-chamber test is 
much greater than developed in greenhouse tests of fruits of compara- 
ble size. The usual decrease in reaction with dilution of inoculum 
is noted. Oranges reacted much less in both amount and degree than 
did grapefruits. To produce a given effect on these oranges required 
an inoculum more than twenty times as strong (perhaps fifty to one 
hundred times as strong) as was required for the grapefruits. This is 
in keeping with the general results shown in Table 10 for smaller 
fruits. 

In other moist-chamber tests Royal grapefruit developed canker 
less readily than Marsh, Duncan, ana seedling grapefruit or shaddock, 
and Washington Navel oranges developed canker less readily than 
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Pineapple, Parson Brown, or Valencia. Fruit of Satsuma orange 
developed slight infection, even under most severe conditions. The 
results with King and Mandarin oranges were indefinite because of 
the early rotting of the fruit. Genoa lemon was on a par with Meyer 
lemon, and Villafranca and Kenedy reacted even less readily. Key 
lime fruits developed canker readily. Calamondin and kumquat 
decayed too quickly to give results. 

The moist-chamber tests with wounded fruits were started in 
April and continued until August, successive lots of fruit being sent 
two or three times a month. The very smallest fruits used decayed 
too rapidly for canker to develop. Sizes of 12 to 25 mm. could be 
held long enough to show at least the beginnings of canker lesions. 
No infections were noted on fruits of such size range for any of the 
fruits tested. The smallest sizes to show infection in the various 
tests were as follows: Seedling grapefruit, 50 mm.; Marsh grapefruit, 
54 mm. ; Royal grapefruit, 53 mm. ; Duncan grapefruit, 50 mm. ; shad- 
dock, 80 mm.; Pineapple orange, 40 mm.; Parson Brown orange, 
41 mm.; Valencia orange, 38 mm.; seedling orange, 28 mm.; Satsuma 
orange, 35 mm.; key lime, 30 mm.; Buena Vista lime, 30 mm.; 
Rangpur lime, 33 mm.; Villafranca lemon, 38 mm.; Genoa lemon, 
36 mm.; Kenedy lemon, 38 mm.; Meyer lemon, 38 mm.; Sampson 
tangelo, 35 mm.; King and Mandarin oranges and calamondin 
decayed too rapidly for infection to occur. 

Not all of the above-named varieties were tested in every series, 
but those most important commercially were tested certainly once 
and often twice a month. The inocuium was regularly tested on 
wounded grapefruit leaves and was always potent enough for 100 per 
cent infection on these. There was certainly abundant opportunity 
for smaller sizes to become infected. Stoma tal infections were very 
rare. 

Mention has already been made of the practical failure to secure 
a canker reaction in fully matured fruits of orange, lemon, and grape- 
fruit from the market. The large green fruits of orange and grape- 
fruit in August gave strong reactions in moist chambers. On the 
whole, reaction was stronger for larger sizes of green fruit in the moist 
chambers than for similar sizes on the trees, and reaction started at 
larger sizes in the former case than in the latter. No ready explana- 
tion of this shifting suggests itself. 

In the moist-chamber tests there was abundant multiplication of 
bacteria in tissue that did not react visibly, as was shown by using 
graded inoculum on punctured grapefruit leaves. But extensive 
tests to determine the rate of such increase and its limits as to size of 
inoculated fruits were not undertaken in the moist-chamber tests. 
Often a section cut through the inner peel showed a watery infil- 
tration and a slight change in color, suggesting invasion by the 
bacteria, which microscopic examination confirmed, even when there 
was no external reaction. 

It has been noted that a larger percentage of infections regularly 
develop in leaf wounds than in fruit wounds, when the same inoculum 
is used. It might be Supposed that the inoculum penetrates less 
readily to the interior of the deep fruit punctures than to the open 
leaf punctures. To test this possibility detached wounded fruits were 
punctured and immersed in the inoculum under an exhaust so as to 



Sept. 15, 1929 


Infection of Fruit of Citrus 


425 


withdraw air and cause thorough penetration. These fruits did not 
develop in moist chambers more infection than those inoculated in 
the ordinary way, and in both cases the infection was much less than 
in leaves inoculated at the same time with the same inoculum. 

SUMMARY 

A quantitative method is described for estimating from wound 
inoculations the number of Pseudomonas citri present at various stages 
in the development of canker lesions. 

When punctures are made into the oil glands of citrus fruits, infec- 
tion by Pseudomonas citri is seriously hindered. For dependable 
infection results the oil glands must be avoided in wounding for 
inoculation tests. 

Fruit wounds as much as 8 hours old become infected much less 
readily than freshly made wounds. If allowed to dry the wounds 
decrease in infectibility more rapidly than if kept moist. 

Weak grades of inoculum produce lower percentages of infection 
than strong grades, and the resulting cankers begin to show after a 
longer interval and develop more slowly. With a given strength of 
inoculum, infection is greater in amoim t^and in degree on wounded 
leaves than on wounded fruits of a given citrus species. 

The size of the fruit influences the amount and degree of canker 
development. It is difficult to secure wound infections on very small 
fruits, partly, perhaps, because of the damaging effect of the wounding 
and subsequent inoculation treatment. Intermediate sizes, from 
perhaps 25 to 35 mm. in diameter, show best development of canker 
lesions. Larger fruits develop lesions less readily. The exact upper 
and lower size limits of susceptibility vary with conditions and can 
not be inferred from the data at hand. 

The majority of infections occur at visible wounds. The so-called 
stomatal infections occur most abundantly on somewhat smaller 
sizes of growing fruits than do wound infections, and stomatal infec- 
tions fail to develop at an upper size range some 10 mm. less than for 
wound infections. 

Periodical testing of infected wounds indicates that the multiplica- 
tion of the canker bacteria takes place in about equal degree regardless 
of the size of fruit up to a stage of full maturity on the trees. Fully 
ripe fruit inoculated through wounds after removal from the tree did 
not give evidence of any definite increase of the canker organism. A 
practically maximum number of bacteria is reached in a few days at 
ordinary temperatures, after which a rather uniform level is main- 
tained for a considerable time. The multiplication of bacteria in the 
tissues is independent of the development of external evidences of 
canker. In many instances where there was no visible symptom of 
canker the bacteria had multiplied just as freely as where there was 
normal canker development. Such a condition may be referred to as 
quasi immunity or quasi resistance. 

A maximum development of bacteria in lesions may result from 
weak as well as from strong inoculum, a slightly longer period being 
required in the former case. 

Development of Penicillium rot has a decided inhibiting or killing 
effect on Pseudomonas citri in recently developed lesions in the fruit 
peel. 

70921—29 3 
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Various types and varieties of citrus fruits show differences in the 
readiness with which either wound or stomatal infections occur. 
The significance of this in judging relative susceptibility is lessened by 
the fact that host-tissue reaction may be lacking even when bacterial 
invasion and development have been at a maximum. The reactive 
condition of the host tissues is the important factor in canker develop- 
ment. 

Tests for persistence of viable canker organisms indicate that they 
may die out within a period of five or six months, but under certain 
conditions they may persist for possibly longer periods. 

Inoculation tests of limited scope on oranges under orchard con- 
ditions indicate general agreement with the findings from experiments 
in the greenhouse. 

Infection tests of green fruits removed from trees and held in moist 
chambers also confirmed in essentials the findings from the green- 
house experiments. The principal differences were that fruits of the 
larger sizes developed visible canker lesions rather more readily than 
did those in the greenhouse tests and that infectibility started at a 
higher range of size. 

At about 45° F. green inoculated fruit in a moist chamber required 
much stronger inoculum and a much longer time to develop approxi- 
mately the same visible reaction as similar fruit held at a room tem- 
perature of about 70° to 75° F. 



THE WOOLLY-KNOT TYPE OF CROWN GALL 1 


By E. A. SlEGLER 2 

Associate Pathologist , Office of Horticultural Creeps and Diseases , Bureau of Plant 
Industry , United States Department of Agriculture 

INTRODUCTION 

This article is a report of experiments which furnish evidence that 
a bacterial organism, tentatively referred to as the apple strain of 
the crown-gall organism, is the cause of malformations known as the 
woolly-knot type of crown gall, on root-grafted apple trees. 

REVIEW OF LITERATURE 

In 1907 Smith and Townsend (18) 3 reported the isolation of an 
organism from galls on the Paris daisy (Chrysanthemum frutescens ) 
which they named Bacterium tumefaciens. Later Smith, Brown, 
and Townsend (17) isolated an organism from malformations on 
apple roots and referred to it as the apple strain of Bad. tumefaciens. 
Experiments were performed by these workers in an attempt to deter- 
mine whether this organism was the caitse of the malformations on 
the apple from which it was isolated, but owing to the rather limited 
extent of these experiments on the apple and to the fact that in many 
instances the results of the inoculations were negative or the controls 
became infected, the results were by no means conclusive. 

Hodgcock (2) performed numerous experiments dealing mostly 
with the field control of crown gall and hairy root of the apple tree. 
Although proof was lacking, he expressed the following opinion: 

The period when most apple root grafts become diseased with crown gall is 
apparently the time when the wounds in the union are being healed by the for- 
mation of callus. If the disease could be kept out during this period it is quite 
probable that little would occur on nursery stock except as it gained entrance 
later through wounds made in cultivation. 

In his recommendations for control he stressed the importance of 
making “close-fitting root grafts, avoiding blunt ends of the root 
and scion in the union.” 

Keitt (3) reported experiments in which grafts were iqade from care- 
fully disinfected stocks and scions and planted in sterilized soil. He 
stated that grafts which are not well matched “developed enlarge- 
ments of the types found in practice.” He concluded that the 
largest overgrowths were produced by misfits in which the lower tips 
of the scions failed to unite satisfactorily with the stocks, while well- 
fitted and entirely matched grafts developed little or no excess callus. 
He noted that the overgrowths occurred where there seemed to be an 
interference in the stem of the plant. 

Melhus (4) stated that “mechanical injury to the root may also 
lead to the excessive development of fibrous roots from the callus 

1 Received for publication Mar. 29, 1929; issued September, 1929. 

2 Credit Is gratefully extended to R. B. Piper for most of the cultural and inoculation work in these experi-. 
ments. 

3 Referenco is made by number (italic) to “Literature cited” p. 449. 
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formed in the wound. This condition is not infectious. ” However, 
he also reported: “On seedlings * * * most of the so-called 

hairy root is not infectious, the infectious hairy roots arising from 
crown galls,” and “so-called hairy root develops on callous tissue in 
a wound, from scions, buds, on the union, due to environmental con- 
ditions and due to inherent stock tendencies;” and later (8) “95 per 
cent of cases of crown gall are not caused by infection.” 

Riker and Keitt {12) reported that, in an examination of over 175 
trees rejected as crown-gall trees in the nursery, the crown-gall 
organism was not found. They also stated that malformations 
resembling certain types of crown gall and hairy root were found on 
apple trees from grafts made aseptically and grown in steamed soil. 
They concluded that “of the several working hypotheses which might 
be advanced to conform with these results, the most promising one 
appears to be that the malformations dealt with on the rejected 
nursery trees were not induced by the crown-gall organism.” They 
reported that their experiments indicated that fresh callus on apple 
graft “is not ordinarily an open infection court for the crown-gall 
organism.” 

Waite and Siegler {20) in making recommendations for the control 
of crown gall in the apple nursery stated that their results were not 
“in accord with the hypothesis of Riker and Keitt.” They con- 
cluded that “it is difficult to assume that these malformations are due 
to any agency other than a pathogenic organism, since they are so 
definitely prevented by germicides.” 

Riker and Muncie {14, IS) reported: “The common knot, which 
has been frequently called gall, appears in most cases to be merely 
excess callus.” They mentioned satisfactory control by mechanical 
methods. 

A summary of an address by Keitt {1) on investigations made by 
himself and his colleagues stated: “We have two types [of malforma- 
tions]: (1) Knots formed by true bacterial crown gall, and (2) wound 
overgrowths.” He continued: “One of the striking characteristics 
of wound overgrowths is root growth on the galls which is seldom 
present on true bacterial galls.” The report on the use of fungicides, 
including Semesan (an organic mercury compound) as a means of 
control, concluded: “There were two ways in which chemicals may 
minimize the growth of galls: By extending the life of the wrapper; 
by dipping grafts in a strong solution a certain amount of injury to 
the callus is caused and the tip of the too long scion may be cut off 
as with a knife.” 

Melhus {5), in reporting as chairman of the crown-gall committee, 
Crop Protective Institute, stated : 1 ‘ That we have in the past confused 
excess callus called hard gall, with true crown gall; and nonpatho- 
genic hairy root with pathogenic hairy root, can not be doubted.” 

Muncie {6, 7) reported on two types of hairy root on French apple 
seedlings. The type which he designated the “woolly-knot form, 
arising from a distinct gall,” was considered to be infectious and to 
have been induced by artificial inoculation of healthy seedlings with 
Bacterium tumefaciens . 

Muncie (7) also reported cultures from overgrowths on piece-root 
apple grafts. This work, as well as that performed simultaneously 
by Riker and Keitt {13), has been discussed by Siegler {16), who 
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reported the isolation of an organism, tentatively referred to as the 
apple strain of Bacterium tumejfaciens, from the most prevalent type 
(woolly knots) of malformations found on root-grafted apple trees. 
The necessity of using the proper host in testing for the infectiousness 
and the identity of organisms isolated from malformations on apple 
trees was emphasized. The fact that the woolly-knot type of malfor- 
mation was identical with the wound overgrowth of Riker and Keitt 
(13) and Muncie (7) was also noted, but emphasis was placed on the 
fact that the illustrations of the malformations that these investigators 
had produced by growing apple grafts in steamed soil did not conform 
to the type commonly known as woolly knot. Evidence supporting 
the conclusion that this organism is pathogenic on the abovegrouna 
parts of apple as well as on other hosts was produced. 

Patel (9) reported on the isolation of 15 nonpathogenic strains of 
Pseudomonas [ Bacterium ] tumejaciens from grafted apple trees. Sub- 
sequently, Patel (10) reported that the nonpathogenic strains caused 
no injury on a number of hosts, including apple. 

Riker et al. (11) recently reported on “The relation of certain 
bacteria to the development of roots. ” They referred to Muncie’s 
work wherein he stated that the woolly-knot malformation is a mani- 
festation of crown-gall infection. They* did not note that Muncie’s 
illustrations (7), which show malformations that he concluded were 
merely wound overgrowths of noninfectious nature, were typical of 
what Hedgcock (2) had classed as the woolly-knot type of hairy root 
or crown gall. 

The terms “hairy root” and “crown gall” are frequently used 
interchangeably. It has been customary for pathologists and nurs- 
erymen to refer to the woolly-knot type of hairy root as crown gall 
and not as hairy root. This type of malformation is essentially a 
knot or gall more or less covered with roots and, as noted previously 
by Siegler (16), is the type of malformation Riker and Keitt (12) 
referred to when they reported on the cultural examination of 175 
apple trees rejected at the nurseries because of “malformations at 
the union (supposedly crown gall),” and later, as stated above, referred 
to by these writers as “wound overgrowth of nonbacterial origin.” 

Riker et al. (11) in a recent publication stated that in their previous 
investigations — 

were isolated organisms which were similar to Bad. tumefaciens in certain routine 
diagnostic characters, but which failed to induce positive evidences of infection 
when inoculated through punctures into stems of tomato, tobacco, Pelargonium 
or apple. 

Recently these organisms were inoculated on the underground parts 
of 1 or 2 year old grafted apple trees of the Wealthy variety, and the 
writers stated that “ at the end of the growing season no typical crown 
gall or hairy root was observed.” They found, however, certain cases 
where small enlargements or sparse root development occurred. In 
another series of experiments in which the same inoculum was used, 
they reported the occurrence of fleshy roots in the places of inoculation. 
These fleshy roots “occurred singly or in groups and usually arose 
from slight enlargements.” A period of approximately six weeks 
after inoculation was allowed to intervene before the readings on this 
experiment were made. In another series of experiments, young 
shoots of apples were inoculated with one, of these strains which 
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previously had failed to infect when introduced through punctures into 
stems of the apple and other hosts, and in this series of experiments 
enlargements and excessive root development occurred. These 
workers discussed the differences in relation to both physiology and 
pathogenicity of this organism with what they designate as typical 
Bacterium tumejaciens and concluded that it is probably of specific 
rank. In referring to this so-called root-stimulating organism, they 
questioned whether it was harmful or beneficial to the plant, and 
they noted a possibility that it might be adapted to use in plant cul- 
ture to facilitate root development. 

EXPERIMENTS 

M. B. Waite, in 1920, informed the writer that he had secured 
considerable control of crown gall of apple as early as 1909 by disin- 
fecting with a solution of formaldehyde the scions and stock previous 
to grafting. In 1921 these experiments of Waite were repeated, and 
the results of his investigations were confirmed. In 1923 an organic- 
mercury compound was used in connection with disinfecting the scions 
and stocks before grafting. Excellent control was secured. These 
facts apparently supported the conclusion that the woolly-knot type of 
malformation is pathogenic in its nature. This conclusion was 
further supported by the fact that the writer had observed that galls 
on grafts treated aseptically up to the time of planting were, as a rule, 
smaller than those on grafts not so treated. It appeared probable that 
the smaller size of the galls on grafts which were kept under aseptic 
conditions for a brief period at least was due to the fact that infections 
occurred relatively late on them. 

In 1925 a bacterial organism was isolated from malformations 
identical with the woolly-knot type of hairy root or crown gall, as 
illustrated by Iledgcock ( 2 ), and occurring at the graft union of apple 
trees. Inoculations with this organism caused malformations on 
Paris daisy stems. Before the isolations were made, macerations 
from the tissues of malformations on grafted apple trees had been 
inoculated into the daisy and slight reactions noted. 

In a number of preliminary experiments, this organism, which in 
lieu of a better designation will be referred to herein as the apple 
strain of Bacterium tumejaciens , was inoculated on the roots of 
apple. Because the control trees frequently produced enlargements 
similar to those on the inoculated trees,, the technic of these pre- 
liminary experiments was not considered satisfactory. 

In 1927 a series of inoculations was made on 1-year-old seedling 
French crab-apple stocks. In addition to the apple organism a strain 
obtained from a peach gall was used. Small horizontal slits, approxi- 
mately one-fourth inch in width, were made on the roots by means of a 
scalpel. The details of this experiment are given in Table 1. It 
should be noted that inoculations with the peach strain resulted in a 
higher percentage of infection than those with the apple strain; the 
controls were almost free from infection. 
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Table 1 . — Inoculations of 1 -year-old French crab-apple seedlings with strains of 
Bacterium tumefaciens in 1927 







Slits 

Results of inoculations 






and 






Seed- 



root 






lings 

Seed- 


tips 

Slits 



Experiment No. 

Source of inoculum 

inocu- 

lated 

and 

planted 

lings 

surviv- 

ing 

Stand 

inocu- 
lated on 
surviv- 
ing 

and 

root 

tips 

doubt- 

Slits and root 
tips galled 






seed- 

fully 








lings 

galled 





Num- 

Num - 


Num- 

Num- 

Num - 




her 

ber 

Per cent 

her 

ber 

ber 

Per cent 

58- A . . 

Apple strain (455-9 A -0) 

25 

14 

50 

84 

7 

12 

14 

58 -B 

Apple strain (401-A--9). . 

25 

18 

72 

108 

5 

14 

13 

58- (' . .. . 

Apple strain (474-B 1) 

25 

23 

92 

138 

4 

18 

13 

58- D . , 

Apple strain (480-1) 

25 

24 

90 

144 

! ‘ 3 

7 

5 

58 E__ 

Apple strain (487-0) 

25 

19 i 

70 

114 

| 12 

13 

11 

Total. . 

Apple strains. 

125 

98 

1 78 

588 

31 | 

04 

11 




58- F 

Beach strain. . 1 

25 

17 j 

08 

102 

9 , 

30 

29 

58 •(! (control) 

Sterile wafer 

25 

18 1 

72 

108 | 

11 

2 

2 

58- H (control). ... 

Sterile knife . . .. .. 

25 

n | 

44 

00 | 

7 

2 

3 

Total. 

N one 

50 

29,, 

* 58 

174 

18 | 4 

2. 3 







Fkjuhe 1.- -Typical malformations produced on apple-seedling roots: A and B, Inoculated with 
the apple organism; C and I), inoculated with the peach organism. Only the apple organism 
was recovered from all four specimens. Slightly reduced 


The type of malformation, however, was identical, regardless of 
whether the seedlings were inoculated with the apple or the peach 
strain or were uninoculated. It was, therefore, not surprising to 
isolate only the apple strain from typical specimens in each of these 
three lots. Figure 1, A and B, shows typical malformations obtained 
on the seedlings inoculated with the apple organism, and Figure 1, 
C and D, typical malformations obtained on the seedlings inoculated 
with the peach organism. The malformations on the controls were 
identical with these. Isolations were made from the galls illustrated 
in Figure 1 and from malformations on the controls, and the isolated 
organism, typical of the apple strain, was tested on various hosts and 
its identity proved. 
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The explanation offered to account for the high precentage of mal- 
formations obtained on the comparatively few seedlings inoculated 
with the peach organism is that natural infection occurred. This 
explanation is based on the facts that the apple strain, and not the 
original inoculum, the peach strain, was isolated from these galls, and 
that the galls were typical of those produced by infection with the 
apple strain and were not the smooth, rounded galls obtained by inocu- 
lation with the peach organism or with other strains obtained from 
similar apple galls. Figure 2 illustrates the type of gall obtained by 
an artificial inoculation with the peach organism which is probably 
identical with the daisy and the peach strains of Smith et al. (17). It 

is practically identical with 
the type of gall that Riker 
and Keitt ( 18 , pi. 38) and 
Muncie (7, pi. 2 , A) consid- 
ered as the only pathogenic 
type. Further considera- 
tion of this subject will be 
found under “Discussion,” 
but it should be noted that 
the explanation given above 
loses some of its plausibility 
when the fact that the con- 
trols were practically clean 
is taken into consideration. 
As the results of this exper- 
iment did not afford an in- 
terpretation that might be 
considered conclusive, they 
are given for information 
only, and. not as confirma- 
tory evidence of the patho- 
genicity of these two strains. 

In 1927 apple grafts were 
inoculated by being soaked 
in heavy suspensions of the 
organisms in sterile water. 
This experiment was under- 



Figure 2.— Type of mal formation on apple-seedling root re- taken to Secure evidence Con- 
sulting from inoculation with the peach strain. Natural size ,, ... .. 

cermng the pathogenicity of 
the apple and the peach organisms and the stage at which apple grafts 
are most susceptible to infection. The fact that a surface disinfection 


of scions and roots before grafting had given a considerable degree of 
control indicated that infection may occur quite generally before the 

f rafts are fully callused. This point was mentioned as a probability 
y Hedgcock (2) and was supported by an experiment wherein grafts 
were disinfected at definite stages in their development. (Table 2.) 
The same disinfectant, a 0.25 per cent solution of hydroxymercuri- 
chlorophenol, has been used throughout these experiments. Disin- 
fecting the scions and Stock gave practically the same control as 
disinfecting the freshly made grafts, but disinfecting the grafts after 
they had callused resulted in a high percentage of galled trees. 
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Table 2. — Results of disinfecting Jonathan apple grafts at different periods 
[100 grafts treated at each period] 


Treatment 

Number 

dug 

Kesulting trees 

Number i Number 
smooth galled 

Per cent 
galled 

Scions and stocks disinfected before grafting _ 

69 

64 

5 

7 

Grafts disinfected before callusing.. 

68 

61 

7 

10 

Grafts disinfected after callusing 

71 

46 

25 

35 

None. . . . _ 

56 

29 

27 

48 







Accordingly, grafts aseptically made were immersed for definite 
periods in various inocula, either at the time they were made; that is, 
before callusing, or just previous to planting, after they had callused. 
The details of this experiment are given in Table 3. Although the per- 
centage of infection obtained by inoculating the grafts at the time of 
grafting was extremely large as compared with that obtained by inocu- 
lating the grafts after they had callused, and although the control 
grafts and the grafts inoculated with the peach organism remained prac- 
tically free of infection, the evidence was considered as of supplemental 
value only, because the numbers used were rather small and the stand 
obtained was poor. A definite indication, however, was given to 
strengthen the hypothesis that the freshly made graft was an open 
court for infection for at least one strain of the crown-gall organism. 

In Table 3 are also included data obtained by making two hori- 
zontal slits on the scion part and two on the root part of each graft. 
In these cases the grafts were allowed to callus, the slits were made, 
and the grafts were then immersed in the inocula as indicated. The 
result of this part of the experiment was considered to furnish evi- 
dence concerning the pathogenicity of the apple strain. Only 
indirectly did it support the main thesis that the woolly-knot type 
of crown gall at the graft union is pathogenic ill nature and is not 
merely a mechanical wound overgrowth. In contrast to the result 
obtained on apple seedlings reported in Table 1, the control slits 
and the slits inoculated with the peach strain remained free of infec- 
tion. This supports the explanation of natural infection given to 
account for the results obtained in the previous experiment. 

The experiments of 1927 were repeated with slight modifications 
in 1928. One-year-old apple seedlings as well as grafts of different 
varieties on various stocks were used. The seedling apple trees were 
originally obtained from seed of several open-pollinated varieties, 
and the grafts were made with stocks which were cions of seed- 
lings obtained from several varieties, furnished by Guy E. Yerkes, 
of the Bureau of Plant Industry. This, of course, made for uni- 
formity in the experiment. In the 1928 experiments the inoculated 
and control seedlings were allowed to callus for 22 days before they 
were planted, in order to keep the wounds free from contaminants 
after planting. The seedlings were inoculated by making small 
horizontal slits in them and then soaking them in suspensions of the 
inoculum. The results of these inoculations are given in Table 4. 



Results of inoculation 
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Table 4. — Inoculations of 1 -year-old apple seedlings with the apple strain of Bac- 
terium tumefaciens in 1928 




! 
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1 2 a 
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Experiment No. 

Seedling host 

i -So, 
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bC 
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ce 

§H 
•oS eu 



tips 

tful- 

led 





\ £ * 

a 

rjj 

o d a 

Slits galled 

£ cs 

Root tips 



! £ v 

$ 





o,® >, 

galled 



! m 

C li 


w 



Pi 





Nu m- 

Num- 

Per 

Num - 

Num - 

Per 

Num- 

Num- 

Per 



| ber 

ber 

cent 

ber 

ber 

cent 

ber 

ber 

cent 

130- A 

Delicious. 

J 54 

53 

98. 1 

159 

50 

52.8 

2 

1 

1.8 

130- A (control)--. - . 

.do. .. 

. _ ; 54 

40 j 

90. 7 

147 

0 

0 

2 

0 

0 

1 30- 13 

McIntosh. 

. . ! 50 

45 j 

90. 0 

135 

40 

44.4 

4 

13 

28.8 

130-B (control).- 

.do .... 

. _ _ j 4 8 

38 

79. 1 

114 

0 

0 

4 

0 

0 

|30 C - 

Tolinan 

100 

88 j 

88.0 

204 

72 

40.9 

0 

70 

80.0 

130-0 (control) 

l. ..do. 

..j .100 

88 

88. 0 

204 

0 

0 ■ 

8 

0 

0 

130-D , , 

Northern Spy 

. -do 

__i 54 

I 45 I 

83. 3 

135 

50 

55. 5 

0 

14 

31. 1 

130-1) (control) . - 

..! 50 

; 43 1 

80. 0 

j 129 

0 

0 

4 

0 

0 

1 30- E . 

Yellow Siberian. _ 

i r h r f 

54 i 

98. 2 

102 

102 

94. 4 

0 

30 

55. 6 

130- E (control). ... ........ 

.do. 

50 

• 47 j 

94.0 

U«. 

0 

0 

5 

0 

0 







Total (inocula- 











tions) 


j 313 

: 285 j 

91. 1 

855 

320 

0 

50. 1 

1 12 
23 

128 

44.9 

Total (controls) 


.. J 302 

205 | 

88. 1 

795 

0 

1 o 

0 



1 

■ 



: 



It is believed that the numbers used, the stand that was obtained, 
the uniformity of the stock, the high percentage of galls resulting 
on the inoculated trees, and the freedom of the controls from infection 
are all factors that should be considered as justifying the drawing of 
definite conclusions from the results of this experiment. In this 
experiment as well as in subsequent ones the seedlings were disin- 
fected with an organic-mercury solution before they were used. 
The disinfecting solution was always washed off with distilled water. 
The fact that the seedlings in the controls were also disinfected and 
that the wounds were partially closed by callus before planting may 
account for their rather unusual freedom from natural infection. 
It is noted that of the 855 slits and root tips where the organism 
was afforded opportunity to infect, 448, or 52.4 per cent, became 
infected. On the 795 control slits and root tips no infection was 
found. The groups of inoculated and uninoculated Yellow Siberian 
seedlings are illustrated in Figures 3 and 4, respectively. Typical 
malformations resulting from inoculation with the apple organism 
and the controls free of galls are shown in Figure 5, A and B, and 
Figure 5, C and D, respectively. Reisolations from these galls, 
typical of those always resulting from infection with the apple organ- 
ism, were not attempted in this case. 

The series of experiments on apple grafts in 1928 gave results 
entirely in accord with those obtained on the apple seedlings in 1928. 
(Table 5.) The preponderance of infection resulting from subjecting 
the newly made graft to the inoculum previous to callus formation 
as compared with the infection of those grafts which were subjected 
to the inoculum after they were allowed to callus is evident. Again, 
as in the experiments of the preceding year the grafts inoculated with 
the peach organism and the control grafts remained free of galls. 
The total freedom of these control grafts from natural infection may 
be due to the disinfection of the scions and stock or to the absence of 
the inoculum in the soil in which the grafts were planted. 



Table 5. — Inoculations of apple grafts with strains of Bacterium tumefaciens in 1928 
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Galls typical of those appearing on the grafts inoculated with the 
apple strain are shown in Figure 6, A-C. The organism was reisolated 
from the specimen in Figure 6, B, which showed unusual freedom 
from root developments on its surface. Attention is directed to the 
data given in Table 5 under the heading “Results* of inoculation at 
graft union, galled” for the varieties Yellow Transparent on Yellow 
Siberian seedlings and Winter Banana on French crab seedlings, where 



Figure 3.— Entire lot of 54 Yellow Siberian seedlings, showing numerous woolly*knot malformations 
resulting from inoculations with the apple organism in experiment No. 136-E. (Compare with 
Figure 4.) Greatly reduced 

a comparison of grafts inoculated both before and after callusing 
may be found. 

When attempts have been made to secure galled trees at certain 
periods of the year, especially in midsummer, there has always been 
difficulty in finding abundant specimens of galls on grafts planted 
the preceding spring. This fact led to the hypothesis^ that the high 
nutritional condition of the host at the point 'of infection may be a 
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factor of greater importance in the degree of pathogenicity exhibited 
than the state of rapid growth of the tissues at that point. The 
conception that rapidly growing tissues favor infection has been 
generally accepted. In order to test this hypothesis the following 
experiment was performed. Apple roots were inoculated by means 
of small horizontal slits, approximately one-fourth inch in width and 
one-oighth inch in depth, at two periods in midsummer. The inocu- 



Figiire 4. ” Entire lot of 47 uninoculated Yellow Siberian seedlings, free of malformations. (Com- 
pare with Figure 3.) Greatly reduced 

lations were made by inserting the inoculum from an agar slant of 
the apple organism into a slit made by means of a scalpel on the 
scion wood from one-fourth to 2 inches above the union, on grafts 
which had been planted the current spring. The details and results 
of these experiments are given in Table 6. Although the number of 
grafts used in this experiment was not large, it is felt that the results 
are so definite that, when coupled with the results of other experiments 
reported here, there is presented proof that the so-called apple strain 
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of crown gall is responsible for the type of woolly-knot galls found on 
grafted apple trees. It should be noted, however, that in this experi- 
ment inoculations were made on the scion wood and not on the graft 
union itself. 

Galls resulting from inoculations made on August 20 were as large 
as those obtained from inoculations made on July 19. The roots on 



Figure 5.--A and B, Woolly-knot galls On apple-seedling roots resulting from inoculations from 
the apple organism. C and D, Control seedlings, free of malformations. All natural siee 


the galls of trees inoculated on July 19 were mostly of the fibrous 
type, whereas the roots on the galls of the trees inoculated in August 
were invariably of the fleshy type. Typical illustrations of galls 
from these lots are shown in Figures 7, A and B, and 8, A to C, respec- 
tively. The organism was reisolated from thp specimens illustrated 
in Figures 7, A and B, and 8, B and C. 
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Table 6. — Results obtained by inoculating Yellow Transparent scion tissue adjacent 
to the graft union with the apple strain of Bacterium tumefaciens on July 19 and 
August 20 , 1928 


Experiment No. 

Date of 
inocula- 
tion 

' 

Grafts 

inocu- 

lated 

Grafts 

surviv- 

ing 

Slits in- 
oculated 
on grafts 

Slits galled 

/ 



Number 

Number 

Number 

Number 

Per cent 

163 

July 19.. 

15 

13 

13 

13 

100 

163 (control) _ _ . . . 

...do 

15 

14 

14 

0 

0 

175 

Aug. 20.. 

50 

50 

50 

50 

100 

175 (control) 

...do. 

25 

25 

26 

0 

0 



Figure 6. — A-O, Types of malformations on Winter Banana apple grafts resulting from inocula- 
tions with the apple organism. Natural size 


In controlling malformations on the graft union, Hedgcock empha- 
sized the importance of making well-fitted grafts. In 1921 the writer 
initiated experiments for the purpose of testing the effect on malfor- 
mations of the use of well-matched and poorly matched grafts. In 
a general way it may be stated that the use of well-matched grafts 
lessened to some extent the number of malformations. Quite 
frequently, however, the well-matched grafts did not yield a larger 
percentage of clean trees than the poorly matched ones. Riker and 
Muncie (14) &&d other workers in this field have emphasized the 
importance of well-matched grafts as a means of controlling mal- 
formations. The writer, therefore, believing that perhaps there had 
not been sufficient contrast between well-matched and poorly fitted 
grafts in his previous experiments, repeated this experiment, making 
certain that the well-matched grafts were as perfect as it was possible 
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for an expert grafter to make them, and having the poorly fitted 
grafts made with the lower end of the scion blunt in some cases and 
pointed and extending over the cut surface of the seedling in others. 
The results of this experiment are given in Table 7. 


Table 7 . — Results from comparative plantings of untreated poorly matched and 
well-matched grafts of Duchess apple 

[100 of each kind of graft) 



1 

j 

| 

Resulting trees 


Description of graft 

j Total 

Number 

Number 

Per c;ent 


smooth 

galled 

galled 

Poorly matched: 

1 




Lower end of scion blunt 

i <17 

1 

00 

98. 5 

Lower end of scion pointed _ _ _ 

i 7K 

12 

00 

84. 0 


71 1 

8 

03 

88. 7 



It will be seen that an exceedingly large number of malformations, 
practically all on the graft union, resulted on all these grafts; and 
since 88.7 per cent appeared on the perfectly matched grafts, it is 
evident that the reliance on well-matched grafts alone as a control of 
malformations can be overemphasized. 

DISCUSSION 

As previously stated, the term “ woolly knot” has been quite 
generally recognized as referring to a type of malformation charac- 
terized by a swelling more or less covered with fibrous or fleshy roots. 
Whether one designates this type of malformation as crown gall or as 
a form of hairy root is of small moment, as the terms have generally 
been used interchangeably. To prevent any possible confusion, 
however, the writer points to Figures 1 and 6 as illustrations of what he 
considers typical woolly-knot malformations. Malformations typical 
of what the writer terms “woolly knot” are found in illustrations 
designated as wound overgrowths by Riker and Keitt (13, pi. Jfi, C) 
and by Muncie (7, pi. 2 , B). There is a tendency, perhaps unfortu- 
nate, to designate malformations exhibited on seedling Toots as hairy 
root, while the same type of malformation on grafted trees would 
be generally termed “woolly knot.” Whether this type of mal- 
formation is found on a 1 -year-old seedling or on a 1 -year-old grafted 
tree should not affect its status. Smith et al. (17, pi. 18, fig. 1) and 
Hedgcock (2, pi. 6, fi,g. 5) have also illustrated what the writer considers 
typical woolly knots. The malformations obtained by Smith et al. 
were secured by artificial inoculation of apple seedlings with what 
they termed the apple organism and were designated by them as 
apple hairy root. This type of malformation apparently is identical 
with those illustrated in Figure 1 of the present paper which resulted 
from inoculations with the apple organism. 

The type of gall that Riker and Keitt (13) considered true bac- 
terial gall is shown in their Plato 38, A-C. Muncie (7, pi. 2, A) 
also illustrated what he considered as typical galls, from which he 
isolated Bacterium tumefaciens. A very similar type of gall is shown 

70921—29 4 
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in Figure 2 of the present paper. This gall resulted from an inocu- 
lation on apple roots with the peach organism of Smith, isolated 
from a peach gall. It is presumably the only type of malformation 
on grafted apple trees that Hiker and Keitt (18) and Muncie (7) 
recognize as being pathogenic in nature, and it is caused by the 
strain that is apparently identical with the peach and daisy strains 
of Smith et al. {17), Undoubtedly other strains may cause similar 
types of galls. It is seen that the dissimilarity between the rather 
smooth type of gall caused by the peach strain or similar strains 
and the woolly-knot type resulting from infections with what the 
writer terms the apple strain is quite marked. The distinction 



Figure 7. — A and B, Typical malformations on the scion wood of Yellow Transparent apple grafts 
resulting from inoculations with the apple organism. The roots from inoculations made on July 
19, 1928, were more fibrous than those from inoculations made on August 20, 1928. (Compare 
with flg. 8, A-C.) Natural size 

between these two types of galls is, of course, necessary for a proper 
comparison and interpretation of the results of these experiments, 
especially in so far as they are related to the investigations of others. 

The experiments detailed in Table 1 were performed in a manner 
somewhat similar to one described by Muncie (7) except that Muncie 
used apple seedlings grown from seed planted the current year in 
soil that had been steamed, whereas the writer used 1 -year-old 
transplanted seedlings ip unsteamed soil. Muncie made inocu- 
lations with what was possibly the peach strain or at least a strain 
which produces similar results, whereas the writer used both apple 
and peach strains. Inoculations with the peach strain resulted in 
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9.15 and 29 per cent infection in Muncie's and in these experiments, 
respectively. However, in the writer's experiments the type of gall 
obtained was identical with the type that always resulted from 
inoculations with the apple organism. These galls were decidedly 
not of the type caused by the peach strain (fig.- 2), and moreover 
when cultured they yielded, as was expected from their appearance, 
the apple organism. Muncie's experiments indicated that inocu- 



Figure 8.—A-C, Fleshy roots from malformations secured as a result of inoculations made on 
August 20, 1928, on scion 4 wood of Yellow Transparent apple grafts. (Compare with fig. 7, A 
and B.) Natural size 


lations with the peach strain resulted in the “ woolly-knot, form of 
hairy root." No report of isolations is given, and it is perhaps 
reasonable to assume that the woolly knots obtained in Muncie's 
experiments would have yielded in culture the apple organism and 
not the original organism. On the other hand, it might be assumed 
that the peach organism was actually present in the galls obtained 
by the writer and the culturing technic failed to reveal it. This 
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latter assumption loses force, however, when it is recalled that the 
galls were typical of those invariably obtained with the apple organ- 
ism. Still, the fact that the controls in each of these experiments 
were practically free of infection must be considered. To regard 
the natural infections on the seedlings inoculated with the peach 
organism in the writer’s experiments as fortuitous might be per- 
missible; to apply the same conception to Muncie’s experiments, 
in steamed soil, is permissible only with qualifications. In view of 
the results of the subsequent experiments reported here, wherein 
inoculations on apple grafts with the peach organism practically 
failed of infection, whereas those with the apple strain resulted in 
high percentages of infection, it is considered that, regardless of any 
interpretation of this particular experiment, the results and inter- 
pretations of the other experiments are not materially influenced by 
this one. This experiment is reported not as furnishing evidence 
but rather as illustrating how diametrically opposed conclusions 
can be drawn from the similar results of similar experiments. 

Riker et al. (11) in a recent reference to Muncie (7), stated that he 
considered that the “ woolly-knot form is a manifestation of crown- 
gall infection.” It seems desirable to direct attention to the fact 
that Muncie’s experiments from which these conclusions were drawn 
wore on apple seedlings and not on apple grafts and that galls on 
apple grafts, typical of woolly knots, were illustrated by Muncie 
(7, pi. 2, B) as being the type of malformations “from which Ps. 
tumefaciens was not recovered” and hence considered by him non- 
pathogenic overgrowths, and finally, that it is quite possible, as has 
been stated, that the malformations which Muncie secured by means 
of inoculations with the peach strain actually resulted from natural 
infections of the apple organism and not from the original inoculum. 
The conclusion drawn by Muncie that “the woolly-knot form is a 
manifestation of crown-gall infection” when it occurs on apple 
seedlings but that “the abundant development of fibrous roots 
from an overgrowth at the union of piece-root grafted trees is not a 
reliable index of crown-gall infection” may not be tenable. 

CAUSE OF THE WOOLLY-KNOT TYPE OF MALFORMATION 

The writer (16) has reported on the rather consistent isolation of 
the apple organism from the woolly-knot type of malformations and 
on the pathogenicity of this strain of the crown-gall organism on apple 
shoots as well as on other hosts. The fact that so many isolations 
were made and reported in previous experiments is the reason why 
only comparatively few isolations were made in these investigations. 

Evidence shown in Table 5, supplemented by that in the other 
tables, consistently shows that the apple organism is pathogenic on 
apple roots at the graft union and causes the type of malformation 
most commonly encountered in the root-grafted apple nursery. It 
is considered that the experiments have contained sufficiently large 
numbers, have been repeated often enough, and have yielded results 
so consistent as to afford conclusive interpretations of the results. 

In the recent report of Riker et al. (1 1 ) concerning their inoculations 
on underground parts of apple shoots with strains of bacteria consid- 
ered to “closely resemble” Bacterium tumefaciens , it is noted that 
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these strains, which previously had failed to cause infection when 
inoculated into tomato stems, did result in infections, characterized 
as “ enlargements which occurred at the bases of these excessive root 
developments * * *, ” when inoculated on the underground shoots 

of apple. It is quite possible that these so-called root-stimulating 
organisms of Hiker et al. (11) may play a leading r61e in connection 
with the woolly-knot malformations on apple grafts or seedlings. 
Regardless of the question of the specific identity of the organisms 
used by these investigators, the writer considers that their recent 
investigations furnish strong evidence supporting the pathogenic 
conception of woolly-knot malformations. 

STRAINS OF BACTERIUM TUMEFACIENS 

Since a prolonged discussion of the strains of Bacterium tumejaciens 
is not within the scope of this paper, reference is made to Smith et al. 
(17). Patel (,9) noted the occurrence of what he termed nonpatho- 
genic strains of Bacterium tumejaciens. Riker et al. (11) reported the 
isolation of “* * * organisms which were similar to Bad. 

tumejaciens in certain routine diagnostic characters * * * ” from 

‘ ‘ a large majority of the naturally occurring malformations ” and noted 
that this organism is capable of causing a reaction on the underground 
shoots of apples. It is quite probable that this organism is closely 
similar to, if not identical with, the one referred to by the writer (16) 
as the apple strain. The fact that Patel (10), however, was unable 
to secure infection on the apple with what he termed some “nonpath- 
ogenic” strains of Bad. tumejaciens does not support this impression. 
It is further noted that Riker et al. (11) reported that in their previous 
experiments these organisms “ failed to induce positive evidences of 
infection when inoculated through punctures into stems of * * * 

apple . ” The interpretation to be placed on the word “positive” 
(evidence) is mootable. However, the condition of the host, as well 
as the technic used, the virulence of the culture, and other factors 
may account for some discrepancies. Stapp (19) and other European 
workers also recognized widely divergent strains of the crown-gall 
organism. As stated previously, the writer (16) considers that there 
are just as wide divergences in other species of bacteria. 

SUSCEPTIBILITY OF NEWLY MADE GRAFTS TO INFECTION 

As stated, the condition of the hosts, the technic, the age and 
virulence of the inoculum, the temperature and moisture relations, 
and numerous other factors are of especial importance in experiments 
with the crown-gall organisms. 

Hedgcock (2) expressed the opinion that most apple-root grafts 
become diseased with crown gall apparently at the time of the 
formation of the callus. Riker and Keitt (13) concluded, as a result 
of their experiments in which the callused grafts were immersed in 
the inoculum, that the freshly produced callus is not an open infection 
court for the crown-gall organism. In view of the fact that the 
writer had secured a large measure of control of the woolly-knot 
malformation by disinfecting the scions and stock before grafting, 
an experiment was planned, as stated previously, to determine at 
just what time subsequent to grafting the grafts were most subject 
to infection. Inoculations on grafts were made with the peach and 
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the apple strains, not only subsequently but also previously to callus 
formation. This experiment (Table 5) gave in part the same results 
as the one performed by Riker and Keitt but admitted of a different 
interpretation. Here the peach strain failed to cause infection, just 
as did the strain that Riker and Keitt used. The freshly formed 
callus is not an “infection court” for the peach or similar organisms, 
as Riker and Keitt (IS) rightly concluded, but it is extremely suscep- 
tible tissue for the apple organism. The evidence furnished by this 
experiment indicated that most infections occur during the precal- 
lusing or early-callusing period, rather than after the callus has 
formed. Experiments similarly conducted in the season of 1928 
completely confirmed this conclusion and again demonstrated that 
the apple strain was the cause of the resulting malformations. The 
illustrations in Figure 6 represent malformations typical of those 
secured by inoculation with the apple organism at the time of graft- 
ing. This type of malformation previously yielded the apple strain 
in culture quite consistently. The controls were practically clean. 
It is believed that this evidence, offered as proof that most infections 
occur previous to callus formation, explains why surface disinfection 
of the seedling stocks and scions affords some measure of control. 

It should be noted, however, that Riker and Keitt (IS, p. 772) 
reported negative results in controlling malformations by means of 
surface disinfection of stocks and scions. The writer’s results are 
not in conformity with those reported by these investigators, who 
also dipped the freshly made grafts in antiseptics. Perhaps this 
discrepancy may be explained in part by reference to the writer’s 
(16) previous statement that he did not consider the malformations 
illustrated by Riker and Keitt (13, pi. 45) or by Muneie (7, pi. 3, b) as 
being typical of galls most commonly encountered in the root-graft 
apple nursery. 

WELL-MATCHED GRAFTS AS A MEANS OF CONTROL 

The writer’s experiments have in the main indicated that careful 
attention to making well-matched grafts may result in a decrease in 
the number of malformations, but the data given in Table 7 indicate 
that, under conditions favorable for natural infection, the importance 
of well-matched grafts as a means' of control can be overemphasized. 

GROWTH AND NUTRITIONAL CONDITIONS 

In the literature relating to crown-gall inoculations there has been 
a tendency to give considerable attention to the so-called vigor of 
the host. 

In seeking an explanation as to why woolly-knot malformations 
were not readily found until the fall of the year on grafts planted the 
current year, and in view of the fact that large galls are found on very 
small as w T ell as on large yearling trees the thought occurred that 
perhaps the question of nutrition at the point of infection might be 
more important than that of vigor or rapidity of growth. The 
experiments detailed in Table 6 were performed in part to test this 
hypothesis. Since the malformations on the grafts inoculated August 
20 were equally as large as those obtained on the grafts inoculated on 
July 19, one month earlier, there is an indication that the increased 
supply of elaborated food materials at the point of inoculation in 
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late August may be a very important factor in securing infection and 
in influencing the size of the gall. Although numerous other factors 
necessarily should be considered in this connection, additional ex- 
periments which are so preliminary in nature that it is not deemed 
advisable to report them here in detail afford evidence to support 
this hypothesis. Jn brief, seedling apple trees of the current season’s 
growth have been inoculated with the apple strain of the crown-gall 
organism by means of needle punctures at a point immediately above 
the axillary bud. The area immediately below the leaf petiole has 
been girdled by means of a sharp scalpel in some cases; in other cases 
the analogous areas have not been girdled. From the results of one 
season’s experiments only, there is evidence that infections have been 
secured more readily in those areas that were girdled below the leaf 
petiole. 

CONCLUSIONS 

Because of the nature of the subject matter in the “Discussion,” 
a recapitulation of the salient points produced by these experiments 
may be helpful, especially in correlating the interpretations of the 
results of these experiments with those obtained by other investi- 
gators. ' 

The primary purpose of the studies reported in this paper has been 
to discover the cause of malformations known as woolly knots prev- 
alent on root-grafted apple trees. The question raised as to the 
cause of this type of malformation by Riker and Keitt {12, IS ), by 
Melhus {4), and by Muneie (7), and the conclusion of these writers 
that the problem of malformations on apple grafts was one dealing 
primarily with nonbacterial wound overgrowths, made it advisable 
not only to perform experiments on the aboveground and under- 
ground tissues of the apple but to give special attention to the graft 
union itself. At this point of contact between the seedling root and 
scion are found the majority of the malformations. The bacterial 
organism, previously reported by Siegler {16) as probably being iden- 
tical with the apple strain of Smith and others {17), was isolated rather 
consistently from the malformations in question and was found to 
exhibit a degree of parasitism on apple shoots and other hosts. A 
limited number of inoculations with another organism, apparently 
the peach strain of Smith et al., were also made. 'This organism 
causes a comparatively smooth, rounded type of malformation on 
apple roots and apparently is the only type of gall on root-grafted 
apple trees considered by Riker and Keitt {IS) and Muneie (7) as 
pathogenic. Although Muneie (7) credited a certain amount of 
woolly-knot hairy root with being infectious on apple seedlings, this 
conclusion is subject to several interpretations which have been 
discussed. Furthermore, Riker and Keitt {IS) reported: “In cases 
in which roots have been observed in association with a crown gall 
they have been found to occur in connection with wound overgrowth 
that was adjacent to the gall.” Thus they concluded that the hairy 
roots were in fact not a manifestation of infection, and at that time 
interpreted Muncie’s results to be in conformity w r ith their conception 
that the hairy roots arise from wound overgrowths. Recently, 
however, Riker et al. {11) have given a different interpretation of 
Muncie’s results and now apparently accept his conclusion, referring 
to apple seedlings, that the “woolly-knot form is a manifestation of 
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crown-gall infection. ” Regardless of the above interpretations and 
those discussed previously, the cause of the woolly-knot malformations 
on the graft union has been the chief concern of these experiments. 

In order to avoid confusion of issues, it is believed that it is essential 
to recognize the practical synonymy of the terms “crown gall” and 
“hairy root” and the identity of the distinct types of galls produced 
by the peach or closely related strains of the crown-gall organism and 
by the so-called apple strain. Despite differences between these so- 
called strains, it is a matter of judgment whether these strains should 
be considered as worthy of specific rank. 

As Riker and Keitt (IS) noted, Smith et al. (17) performed only a 
limited number of experiments on the apple and did not produce 
evidence sufficient to reach a conclusion concerning the identity of 
the woolly-knot malformations. In the inoculation experiments of 
Smith et al. (17) wfith the apple organism the checks, when used, 
became infected all too frequently, and no inoculations were made on 
the graft union; with the peach organism, inoculations on the roots 
were practically failures. On the other hand, while Smith et al.(f7) 
did not offer conclusive proof in this case, their experiments furnished 
certain leads which should not be disregarded. 

The assumption that the organism referred to in these experiments 
as the apple strain is identical with the apple strain of Bacterium 
tumejaciens of Smith et al. (17) appears warranted. It is probable 
that other workers have also isolated this organism but have regarded 
it as a nonpathogenic strain of Bad. tumejaciens . Recently Riker et 
al. (11) reported the results of inoculations on underground stems of 
apple with what was probably an organism previously regarded as 
a nonpathogenic strain of Bad. tumejaciens. A root-stimulating 
effect was noted. These latest experiments of Riker et al. (11) are 
in agreement wfith some of the experiments reported here and are 
thought to confirm the evidence that woolly-knot malformations are 
caused by bacteria, regardless of the specific identity of the organism. 

The fact that the freshly made graft is susceptible at the union to 
infection with the apple organism is apparently proved by the evidence 
furnished by these experiments. That the graft union after callus 
has formed is an infection court to a limited extent for the apple 
organism is also indicated by the evidence herein shown. The con- 
clusion of Riker and Keitt (18) that the graft union is not an open 
court for infection for the crown-gall organism holds true for certain 
strains only but not for the apple strain, which was not reported as 
being used by these investiga tors. 

The evidence that most of the infections occur during the time the 
grafts are callusing supports the opinion expressed by Hedgcock (2). 
It also offers a reasonable explanation for the control of malformations 
wfiien the scions and stock are disinfected previous to grafting. 

There is some evidence suggesting that the amount of nutrition at 
the point of inoculation is more important than a condition of rapidly 
growing tissue, in the amount and kind of infection secured. If this 
is correct, an explanation as to why the freshly made graft is especially 
susceptible to infection with the apple organism is offered. The 
seedling stock is, of course, comparatively^ rich in food reserves at 
the time of grafting. 

There was a marked difference in the character of the roots spring- 
ing from malformations secured as a result of inoculations made in 
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July and August, respectively. The excessive fleshiness of the roots 
resulting from inoculations in late summer may be due, among other 
causes, to a certain degree of immaturity, to a mechanical action, or 
even to a physiological action whereby only the downward passage 
of food material is permitted or is active. These, are questions not 
especially germane to the end results of these experiments. 

The facts that woolly-knot malformations were produced on graft 
unions by inoculations with the apple strain of Bacterium tumefacicns 
in a large series of experiments and with the use of a number of varie- 
ties, that these woolly knots consistently yield this organism in 
cultures the validity of which have been proved by reinoculations, and 
that the control grafts in each of these series have remained practi- 
cally free of malformations, are considered proof sufficient to warrant 
the conclusion that this type of malformation is pathogenic and is 
caused by a bacterial organism which can be tentatively referred to 
as the apple strain of the crown-gall organism. These conclusions are 
supported by results obtained on apple seedlings. 

SUMMARY 

In this paper are reported experiments in which apple grafts and 
seedlings have been inoculated with an organism tentatively referred 
to as the apple strain of the crown-gall organism (. Bacterium tume- 
faciens). This is probably the same organism that Smith et al. 
isolated from malformations on apple roots, and because of the wide 
divergence in strains of the crown-gall organism it is deemed advisable 
to continue the designation of this organism as the apple strain. 
This so-called apple strain causes the woolly-knot type of crown gall 
or hairy root prevalent on root-grafted apple trees. 

It is probable that this apple strain is identical or at least closely 
related to the so-called non pathogenic strains of Bacterium tume - 
faciens of other workers, since those strains have produced similar 
results when inoculated on the below-ground parts of apple shoots. 

When apple grafts were immersed in an inoculum of the apple 
organism previous to callus formation, abundant infection occurred; 
when immersed in the inoculum after callus had formed, infection was 
not so abundant. One other strain of the crown-gall organism failed 
to cause infection when inoculated at these periods. 

The reason why surface disinfection of scions and stock previous to 
grafting affords some measure of control may be due to the aseptic 
condition of the grafts at a time when they are susceptible to infection. 

Limited experiments indicate that the nutritional condition at the 
point of inoculation may be a factor of greater importance than the 
condition of rapid growth, in the amount and kind of infection secured. 

The woolly-knot type of crown gall on apple grafts caused by the 
apple organism is quite distinct from the comparatively smooth type 
of gall with slight or no root developments caused by certain other 
strains of the crown-gall organisms. 
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THE MEAN AND VARIABILTY AS AFFECTED BY CON- 
TINUOUS SELECTION FOR COMPOSITION IN CORN 1 


By Floyd L. Winter 2 

Associate, Division of Plant Breeding, Department of Agronomy, Illinois 
Agricultural Experiment Station 

INTRODUCTION 

The effectiveness of selection in cross-fertilized crops such as maize 
may be explained upon the following principles: (1) There are herit- 
able variations existing among the different individuals of the popu- 
lation at the beginning; (2) there is a gradual elimination of the 
undesirable type because the selected types consist of more desirable 
and fewer undesirable individuals in each generation; (3) desirable 
mutations which may occur are retained and caused to combine with 
the desirable factors present; and (4) recombination of the desirable 
factors produces more desirable types. 

Selection for a given type not only tends to bring the population 
to that type but is expected to decrease the variability. This 
decrease in variability of the population i^brought about by a reduc- 
tion in the percentage of heterozygous individuals. After the popu- 
lation becomes homozygous for the selected character, no further 
reduction in variability through selection can be expected. The 
variability that still remains is attributed to environment, upon 
which selection has no influence. 

It is the purpose of this paper to present the effect of 28 years of 
continuous selection for composition in maize upon the mean and 
the variability of the selected character. 

MATERIAL 

In 189(> a series of breeding experiments was begun at the Illinois 
Agricultural Experiment Station to determine whether the chemical 
composition of corn could be influenced by selection ( 8 ). 3 One hun- 
dred and sixty-three ears of a variety known as Burr's White were 
used as the foundation stock, from which selections were made in 
four different directions, namely, for high oil, low oil,. high protein, 
and low protein. 

These four strains were carried on in the same way. In the high 
protein, for example, the 24 ears highest in protein were selected for 
seed and planted in an isolated plot, each ear in a separate row. 
These rows were harvested separately and the seed for the next crop 
selected from the ears which were found to be highest in protein. 
Nine years later the system was modified somewhat in an attempt 
to prevent loss of vigor by inbreeding. Alternate rows were detas- 


1 Received for publication Mar. 9, 1929; issued September. 1929. 

2 The writer wishes to thank Dr. L. 11. Smith for suggesting the problem. To Dr. C. M. Woodworth, 
under whose direction these studies were made, the writer expresses sincere thanks for suggestions in 
analyzing the data and for valuable assistance in the preparation of this paper. 
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seled and seed was selected only from the highest yielding detasseled 
rows. . In 1921 this system was again modified to reduce the amount 
of inbreeding. Two seed ears were taken from each of the detas- 
seled rows regardless of yield. The high-oil, low-oil, and low-protein 
tests were similarly conducted, selection being made each year of 
ears highest in oil, lowest in oil, and lowest in protein, respectively. 

The analytical methods employed have been described in detail 
in Illinois Agricultural Experiment Station Bulletins 43 and 53 ( 6 , 7). 

EFFECT OF SELECTION FOR PROTEIN CONTENT 

The effect of selection for protein content in the corn grain is 
shown in Figure 1. The average protein content which was 10.92 in 



1896 had in 1924 been increased to 16.60 per cent in the high-protein 
strain and had been decreased to 8.38 per cent in low-protein strain. 
This is a difference of 8.22 per cent. When measured by the best 
fitting straight lines, the difference is 9.49 per cent. When com- 
pared with the original variety from which the strains were selected, 
the proportional increase is 50.01 per cent and the proportional de- 
crease is 23.26 per cent. 

EFFECT OF SELECTION FOR OIL CONTENT 

From an average of 4.70 per cent in 1896, the oil content had been 
increased to 9.86 m the high-oil strain and decreased to 1.51 per cent 
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in the low-oil strain in 1924. This is a difference of 8.35 per cent. 
When measured by the best fitting straight lines, the difference is 
8.85 per cent. Relatively, selection has been much more effective 
in bringing about a change in oil content than in protein content. 
When compared with the original variety, the proportional increase 
in oil is 109.79 per cent and the proportional decrease is 67.87 per cent. 
(Fig. 2.) 

It is very probable that a more rapid shift in type with respect to 
both the oil and protein would have been obtained if only the cars 



that were highest and lowest in protein or in oil had been selected for 
seed, regardless of the yielding ability of the detasseled rows. On 
the other hand, if selection had been carried on without taking yield 
into account, inbreeding might have resulted in such a loss of vigor 
that it would have been impossible to continue the strains. When it 
is remembered that the original purpose of the experiment was to 
produce good-yielding strains having the desired composition, any 
great reduction in yield would have defeated the purpose. 

PEDIGREES 

Graphic presentations of the pedigrees of the strains of corn used 
in this work follow. 
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A study of the pedigrees of the four strains shows that there has been 
a rapid elimination of lines until the four strains are now represented 
by only a single ear each of the original seed stock. The high-protein 
strain traces back to ear 121 which on analysis showed 12.28 per cent 
protein and 3.99 per cent oil. This is slightly below the average 
composition of 12.54 per cent for the stock seed ears but considerably 
above the average of the original 163 ears, 10.92 per cent. The low- 
protein strain goes back to ear 106, which on analysis yielded 8.25 
per cent protein and 4.81 per cent oil. The average for the stock 
seed ears of the low-protein strain was 8.96 per cent. The high-oil 
strain goes back to ear 111, which on analysis showed 5.65 per cent 
oil and 10.82 per cent protein. The average for the stock seed ears for 
the high oil was 5.33 per cent as compared to 4.70 per cent, the aver- 
age for the original 163 ears. The low-oil strain traces back to ear 
110, which when analyzed was found to contain 4.10 per cent oil and 
11.13 per cent protein. The average percentage of oil for the stock 
seed ears was 4.04. Thus, in the twenty-eighth year of selection 
all of the 96 ears of the four strains trace back to 4 ears of the original 
Burr’s White. 

Even though the ear has been used as the unit of selection and the 
history of the strains traced through the female side only, the reduc- 
tion of the ancestry to a single ear for each strain indicates that the 
strains at the present date are likely to be more nearly homozygous 
than w r as the original material from w r hich they came. Further evi- 
dence that the strains are more homozygous than open-pollinated 
varieties is furnished by selfing the strains. It has been shown at 
this station that upon selfing, a condition of uniformity is reached 
more quickly than with open-pollinated varieties. Although the 
individual inbred lines coming from any one of the strains differ 
among themselves in composition, they are always significantly differ- 
ent from any of the inbreds coming from the other strains. 

That there is still some heterozygosity left in the individual within 
the strains is indicated by the fact that there is a reduction in vigor 
upon selfing. 

East (2), in fitting curves to the data for the first 10 generations of 
selection, found that at first the curve was concave, showing great 

[ >rogress, later convex, showing that progress became slower, and at 
ast horizontal, indicating that no more progress would result from 
selection. An inspection of Figures 1 and 2 presented here will show 
that, contrary to East’s results, there has been considerable progress 
since the tenth generation for all of the strains with the possible ex- 
ception of the Illinois low protein. The Illinois high-oil strain has 
shown greater progress since the tenth generation than it did before. 

It does not seem possible to predict a limit to the progress that 
selection will make in the Illinois high-oil and the Illinois high-pro- 
tein strains by the application of curves to the data at hand. Appar- 
ently the low-protein strain has made but little change in the last 20 
years. If the average protein content for the years beginning with 
1902 be compared with the protein content of ear 106, to which the 
strain now traces, no significant difference appears. 

The low-oil strain is approaching a physiological limit. The greater 
percentage of the oil in a grain of corn is contained in the germ (0). 
Hence, in selecting for low-oil content the size of the germ has been 
decreased both absolutely and relatively in comparison with the size 
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of the endosperm. In the ear containing the lowest percentage of oil 
on record, namely, 0.69 per cent, 80 per cent of the grains were germ- 
less. The necessity of using ears having grains that will germinate 
naturally tends, therefore, to check the progress of selection, and even- 
tually may stop it altogether. 

EFFECT OF SELECTION UPON VARIABILITY 

It seems to be accepted bv most biologists that selection for a given 
character in a cross-fertilized crop like corn leads to a lower variability. 
That this reduction in variability may have its limits is brought out by 
Davenport ( 1 ) when he states that selection in a cross-fertilized crop 
such as corn simply shifts the type but does not appreciably change 
the variability unless a physiological limit is reached. As evidence 
for this belief, he cites Karl Pearson as stating that 10 to 13 per cent 
reduction in variability obtained by the selection of two parents is 
almost the limit that can be reached, even if the complete ancestry 



had been selected. Davenport also uses the first eight years’ data 
on the Illinois “chemical” strains of corn, employing the coefficient 
of variation as a measure of variability, and states that there is no 
significant change in variability. It is of interest to see how the 
matter stands after the results of 20 more years of continued selection 
have been secured. 

VARIABILITY MEASURED BY THE COEFFICIENT OF VARIATION 
Protein 

The effect of selection upon the variability in protein content as 
measured by the coefficient of variation from the beginning of the 
experiment through the 28 years of selection can be seen in Figure 3. 
Although the yearly variations as measured by this coefficient are 
rather large, there are decided trends that run in directions opposite to 
the line of selection. As selection leads to a low mean { the variability 
increases, and vice versa. As measured by the best fitting lines, the 
variability has increased 14.05 per cent in the low-protein strain over 
that at the beginning and decreased 4.83 per cent in the high-protein. 
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Oil 

Similar results have been obtained for the oil content; only here the 
divergence is more marked. The variability, according to the 
coefficient of variability, has increased 69.84 per cent for the low-oil 
strain and decreased 23.21 per cent for the high-oil strain. (Fig. 4.) 

It appears from these results that selection can change variability, 
as measured by the coefficient of variation, more than 13 per cent and 
that the variability may either increase or decrease, depending upon 
the magnitude of the mean. Although the coefficient of variation 
has been the most commonly used means of comparing variability 
when different types of variation are involved in the comparison, it is 



FKiUKE 4.— Yearly variations in the oil content of corn and their straight-line trends as measured by 

the coefficient of variation 


recognized to have decided limitations* Pearl (12) states that, 
“ • • . the coefficient of variation has never been an entirely satis- 
factory constant to biologists, at least,” and also that (11, p. 275) “one 
should always remember that this constant simply measures the degree 
of scatter of the distribution in relation to the mean value of the thing 
varying.” Such a relation may have a real and significant meaning 
but sometimes it does not have, for reasons inherent in the nature of 
the facts themselves. 

VARIABILITY MEASURED BY THE STANDARD DEVIATION 

The standard deviation has usually been accepted as the standard 
method of measuring in absolute terms the degree of variability. It 
has the advantage that it is a constant of the mathematical formula 
for the curve of variation representing the distribution of a population. 
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Protein . 

The variability for protein content in the Illinois high-protein and 
Illinois low-protein strains, as measured by the standard deviation 
(fig. 5), shows trends opposite to those obtained when the coefficient 
of variation is used to measure the variation. Although showing 
considerable yearly fluctuation, the variability tends to move in the 
same direction as the mean; e. g., the high-protein strain is more 
variable than the low-protein strain for protein content. During the 



course of the experiments an increase in variability, according to this 
index, of 32.97 per cent for the high-protein strain and a decrease of 
14.71 per cent for the low-protein strain have been obtained. 

Oil 

The variability measured by the standard deviation for the oil con- 
tent shows similar results. (Fig. 6.) Here also the variability is 
greater in the strain having the higher content. An increase in 
variability of 50.95 per cent in the high-oil strain and a decrease of 
36.44 per cent in the low-oil have been obtained. Again, the greater 
divergence in variability occurs between the oil strains. 

When the standard deviation is used as a measure of variability, 
greater changes are exhibited than when the coefficient of variation is 
employed except for the low-oil strain. However, the standard 
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deviation has its limitations also. It can not be used to compare 
variability except where like things are measured in like units. 

VARIABILITY MEASURED BY THE WEINBERG FORMULA 

Weinberg (H) has recently proposed a method for measuring 
variation which is free from most of the limitations of the coefficient 
of variation and standard deviation. The coefficient W~ 

Mo 

VC A/„— M„) (A/„ - Ma) 

when M n is the highest value in the distribution, M 0 is the lowest 
value in the distribution, M a is the mean value of all variants. The 
denominator of the formula measures roughly the skewness of the 
variability curve, while the second term in the numerator measures 



Figure 6.- -Yearly variations in oil content of corn and their straight-line trends as measured by 
the standard deviation, 1896-1924 


the range. The greater the skewness or the wider the range, or both, 
the greater the variability. The coefficient thus obtained is not 
affected by the magnitude of the mean as is the coefficient of varia- 
tion, nor is it limited by unlike material or unlike units of measure as 
is the standard deviation. Like the coefficient of variation, however, 
it expresses variation as an abstract figure. 

In Table 1 Weinberg's method is compared with the coefficient of 
variation for measuring variation by means of two examples. In 
example 1 the mean is <5, the standard deviation, 2.582, and the 
coefficient of variation is 51.64 per cent. By the Weinberg method 
the variation is 1.83. In example 2 each class is 10 units higher. 
The mean is 15, the standard deviation is the same as in example 1, 
but the coefficient of variation is 17.21 per cent. Variation, as 
expressed by Weinberg's formula, is the same as in example 1. It is 
believed that for comparative purposes the Weinberg formula gives 
a better conception of variability than does the coefficient of variation. 
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Table 1 . — Comparison of coefficient of variation with Weinberg's formula for 

measuring variation 


Example I 

Example 2 

Class f 

Class f 

1 1 

11 I 

2 1 

12 1 

3 1 

13 1 

4 1 

14 1 

5 1 

15 1 

6 1 

16 1 

7 1 

17 l 

8 1 

18 1 

9 1 

19 1 

Mean = 5 

Mean = 15 

S. D. =2.582 

S. D. =2.582 

U. V. =51.64% 

C. V. = 17.21% 

W. = 1.83 

W . = 1 .83 


Protein 

The effect of selection upon variability for protein content, as 
measured by the Weinberg formula (fig. 7), is similar to the results 



Figure 7. — Yearly variat ions in protein content of corn and their st raight-line trends as measured 
by Weinberg’s formula, 1896-1924 


obtained when the standard deviation is used in that variability in- 
creases as selection leads to a high mean and decreases as selection 
leads to a low mean. The increase in variability for the high-pro- 
tein strain was 25.49 per cent. However, the decrease in variability 
for the low-protein strain was only 3.94 per cent. 

Oil 

Similar results were obtained for variability in oil content of the 
oil strains. (Fig. 8.) The increase in the high-oil strain was 23.97 
per cent and the decrease in the low-oil strain was 30.18 per cent. 
Again, the divergence in variability is greater between the oil strains 
than between the protein strains. 
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VARIABILITY MEASURED BY THE MODAL CLASS 

Since the type of the population is represented by the modal class, 
it is of interest to know what proportion of the population resides 
within the modal class as selection continues. 

A graphical representation of the modal classes in respect to com- 
position for the four different strains taken at periodic intervals is 
seen in Figure 9. The blocks represent the relative proportion of 
the population residing in the modal class for the respective years. 
Although there is considerable fluctuation, it can be seen that the 
trend is downward for the high-oil and the high-protein strains, 
i. e., as selection leads toward a higher mean fewer and fewer indi- 
viduals of the population reside within the modal class. In the 
low-oil strain there is a decided trend upward. The trend in the 



Fjgitrk 8.— Yearly variations in oil content of corn and their straight-line trends as measured by 
Weinberg’s formula, 18M -1924 


low-protein strain is slightly upward. Hence, selection for a low 
mean increases the percentage of individuals lying in the modal class. 

The percentage of the population in the modal class may be taken 
as a rough measure of the uniformity, and, correspondingly, the per- 
centage outside of the modal class as an expression of variability. 
In general, the greater the percentage of the population lying in the 
modal class the less the variability, and vice versa. This variabil- 
ity may be expressed in the form of a ratio ^ where Fis the 

percentage of the population lying in the modal class. The smaller 
F is the greater the ratio; hence, the greater the variability. 

Variability may also be expressed by the inverted straight-line 
trend for the modal classes. For the purposes of this work such 

trends were determined by the use of the formulas ^ a =X„ 
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and — ~ ■■■^ = X d when Y 0 is the origin and Y d the destination of 
X d 

the best fitting straight line for the modal classes, and X 0 and X d 
are the origin and destination, respectively, for the lines to be deter- 
mined. The quotient thus obtained may be called the extramodal 
coefficient because it takes into account the population outside of the 
modal class. The trends thus obtained (figs. 10, 11, 12, 13) indicate 
that variability becomes less as a low mean is approached and greater 
as a high mean is approached. The method is empirical and there- 
fore has the limitations that most empirical formulas have. 

COMPARISON OF THE DIFFERENT MEAURES OF VARIABILITY 

A comparison of the four different measures of variability discussed 
above for each of the four strains is shown in Figures 10, 1 1, 12, and 
13. The standard deviation and the coefficient obtained by the 
Weinberg method are multiplied by 10 so that they may be plotted 
on a common scale with the other measures. It; is to be noted that 




Figure 9. — Graphic presentation of the modal classes with respect to the percentage composition 
of Illinois high and low oil, and high and low protein corn, at periodic intervals between 189f> 
and 1924 


in all cases variability progresses in the same direction as the mean 
when measured by the standard deviation, Weinberg formula, and 
the extramodal coefficient. If variability is expressed as a percent- 
age of the mean it decreases as the mean increases, and vice versa. 
Of the four strains, the low protein shows on an average the least 
change in variability. (Table 2.) 

RELATIVE VARIABILITY IN PROTEIN AND OIL 

The protein strains show greater variability than do the oil strains 
(Tables 3-6), thus suggesting that the former may be affected to a greater 
extent by the environment, Hopkins states (8 p. 289) “the fat con- 
tent of corn is even more susceptible to the influence of seed selection 
than is the protein content, doubtless due to the fact that the primary 
materials from which fat is manufactured, namely, carbon dioxide 
and water, are usually furnished to the plant in unlimited supply, 
while the formation of protein |s essentially dependent upon the sup- 
ply of available nitrogen in the soil.” Variability is usually aug- 
mented when the living material under study is £rown at the minimum 
or maximum rather than at the optimum condition. 
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Table 2. — Comparison of change in variability for chemical composition in four 
Illinois strains of corn as determined by the best fitting lines for four different 
measures of variability , 1896 and 1924 




Year 

Percent 

Strain 

Method used to measure variability 

i 

! 

1896 

19*24 

age of in- 
crease 
(+) or 
decrease 
(-) 


(Coefficient of variation 

10. 03 

9. 54 

« -4.86 

High protein 

Standard deviation 

1. 18 

1.57 

+33. 05 

Weinberg’s formula 

.95 

1. 19 

+25. 26 


Kxtramodal coefficient . . ' 

3. 79 

6. 37 

+68. 07 


(Coefficient of variation. . ... ... ... 1 

10. f>3 

12. 0*2 

+14. 15 

Low protein 

Standard deviation ; 

1.01 

.86 

-14. 85 

Weinberg’s formula 

.89 

.80 

-3.37 


Extramodal coefficient ! 

4. 19 

3. 14 

-25. 06 


Coefficient of variation 

8. 11 

6. 23 

-23. 18 

High oil 

Standard deviation 

.43 

.64 

+48. 84 

Weinberg’s formula 

.59 

. 73 

+23. 73 


Extramodal coefficient. . . 1 

4.09 

5. 02 

+22. 74 


Coefficient of variation 

8. 50 

14. 44 

+69. 88 

Low oil 

Standard deviation 

.34 

.21 

-38. 24 

Weinberg’s formula 

.56 

.39 

-30.36 


Extramodal coefficient. . 

3. OS 

1. 50 

-59.24 


° These figures differ slightly from those in the text. The figures in the text were based on four figures 
after the decimal. 



Figure 10.— Comparison of four different measures of variation for protein content or Illinois 
high-protein corn as expressed by- the best fitting straight lines; the broken line shows the trend 
of the menu protein content 
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Figure 11. — Comparison of four different, measures of variation for protein content of Illinois low- 
protein corn as expressed by the best fitting straight lines: the broken line shows the trend of the 
mean protein content 





Figure 12. — Comparison of four different measures of variation for oil content of Illinois high- 
oil corn as expressed by the best fitting lines; the broken line shows the trend of the mean oil con- 
tent 
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Table 3. — Average protein content and its percentage variability in Illinois high- 
protein strain corn, 1896 - 1924 , as measured by different methods, together with 
extreme variates 


Year 

Ears 

analyzed 

Average 

protein 

content 

Standard 

deviation 

Coeffi- 
cient of 
variation 

Varia- 
bility by 
Wein- 
berg ’s 
formula 

Lowest 

variate 

Highest 

variate 

Popula- 
tion in 
modal 
class 


Xu mber 

Per cent 



Per cent 



Per cent 

1896 

163 

« 10. 93 

« 1.04 

° 9. 50 

0.881 

8.3 

13.9 

20. 

1897 

112 

10. 99 

1. 16 

10.90 

1.008 

8.3 

13. 6 



1898 .. .. 

252 

10. 98 

1. 22 

11. 15 

. 912 

7. 7 

14.9 


1899 

216 

11. 62 

1. 28 

11.00 

1.012 

8. 4 

14.8 


1900 • 

216 

12. 62 

1. 02 

8. 09 

.795 

9.3 

15. 7 

19. 

1901 . . 

J 14 

13. 78 

1. 17 

8. 48 

1. 103 

11. 5 

16. 0 


1902. 

90 

12.90 

1. 10 

8.50 

.965 

9.5 

15. 0 


1903 

H)0 

13 61 

1 Hfl 

in 04 

925 

8 5 

17. 3 


1904 

100 

15.03 

1.36 

9. 05 

L040 

10.6 

17.8 


1905 

119 

14. 73 

1. 26 

8. 55 

. 998 

10.8 

17.4 

21. 

1900 

120 

14.26 

1.31 

9. 19 

.978 

10.5 

17.7 


1907 

120 

13. 90 

1.49 

10.72 

1. 119 

10.3 

17.4 


1908 

119 

13. 94 

1. 66 

11. 91 

1. 193 

9. 4 

17. 3 


1909 

120 

13. 29 

1.43 

10. 76 

1.076 

9.2 

16. 4 


1910. 

120 

14.87 

1. 44 

9. 68 

1. 109 

11. 2 

18.0 


1911 

120 

13. 79 

1.79 

12. 98 

1. 344 

10.3 

17.4 


1912 

120 

14.49 

1. 13 

7.80 

.854 

10.3 

17.5 

1 

1913 

120 

14.83 

1. 22 

8. 23 

.965 

11.6 

18. 0 


1914 

120 

15. 04 

1.42 

9. 44 

1. 148 

11.5 

17.8 


1915 

120 

14.54 

1.47 

10. 19 

1.076 

10.7 

18. 2 

.1 5. ( 

1916 . ... 

120 

15.66 

1.34 

S. 56 

1.047 

12.7 

19. 3 


1917 

120 

14.45 

1. 85 

12.80 

1. 277 

10.2 

18. 0 

■ 

1918 ....... 

120 

15. 49 

1.36 

8. 78 

1.022 

j 11.8 

18. 9 


1919 

120 

14. 70 

1. 55 

10. 54 

1. 201 

! 11. 1 

17. 8 


1920 

120 

14.01 

1.79 

12. 78 

1.287 

1 9. 5 

17. 4 

ii.; 

1921 

120 

16. 06 

1.84 

11.04 

1.441 

! 9. 4 

18.8 


1922... . 

120 

17.34 

1.24 

7. 15 

.890 

! 12.6 

20. 6 


1923 . . 

120 

16. 53 

1.41 

8. 50 

1J16 

j 13. 1 

19.7 


1924 

120 

16. 00 

1 19 

7. 17 

1. 120 

! 14.6 

19. 2 

! 16. ; 


a Data for the years 1866-1903 are taken from Davenport’s Principles of Breeding (/, p. 446) means and 
standard deviations for the remaining years are calculated by the nongrouping method. 


Table 4.— Average protein content and its percentage variability in Illinois low- 
protein strain corn, 1896 - 1924 , as measured by different methods , together with 
extreme variates 


Year 


1896.. 

1897.. 

1898.. 

1899.. 

1900.. 

1901.. 

1902.. 

1903.. 

1904 .. . 

1905. . 

1900.. 

1907.. 

1908.. 

1909. 

1910. 

1911. 

1912. 

1913.. 

1914. 

1915. 
1916- 

1917 . 

1918. 

1919. 
1920- 

1921 . 

1922 . 

1923 . 

1924 . 


Ears 

analyzed 

Average 

protein 

content 

Standard 

deviation 

Coeffi- 
cient of 
variation 

Varia- 
bility by 
Wein- 
berg ’s 
formula 

Lowest 

variate 

Highest 

variate 

Popula- 
tion in 
modal 
class 

! Number 

Per cent 



Per cent 



Per cent 

163 

« 10. 93 

« 1.04 

0 9. 50 

0. 881 

8.3 

13.9 

20. 9 

60 

10. 63 

. 90 

8.47 

. 759 

8.2 

14.0 


126 

10. 49 

1.32 

12.61 

1.089 

7.5 

13.4 


! 144 

9. 59 

1.01 

10. 50 

.802 

6.7 

13. 1 


144 

9. 13 

1.04 

11.34 

.937 

7. 1 

12.3 

19.4 

126 

9. 63 

1. 10 

11.47 

.975 

7.6 

13. 1 


90 

7. 86 

.75 

9. 60 

,829 

6.4 

9. 7 


100 

8.00 

.83 

10.41 

.862 

6.4 

10.2 


100 

8. 17 

.81 

9.91 

.773 

6. 1 

10.5 


! 120 

8. 58 

. 85 

9.91 

• . 753 

6.6 

12. 1 

20.0 

120 

8. 65 

.92 

10. 64 

.899 

6.7 

10.9 


| 120 

7. 32 

.92 

12.57 

.910 

5.8 

10.5 


120 

8.96 

1.26 

14. 06 

1. 117 

6.3 

11.4 


' 120 

7. 48 

.94 

12.57 

.842 

5.5 

10.8 


i 120 

8.26 

. 86 

10.41 

.827 

6.5 

11.0 

21.7 

120 

7.90 

1.17 

14.81 i 

1.005 

5.9 

12. 1 


! 120 

8. 23 

.82 

9.96 

8. 860 

6.8 

10.8 


120 

7.71 

.95 

12.32 | 

.861 

5.7 

10.8 


120 

7.67 

.95 

12. 39 

.890 

5.9 

10.8 


5 120 

7. 27 

.85 

11. 69 

.854 

5.7 

9.9 

27.5 

120 

8. 68 

1.03 

11.86 

.994 

6.6 

10.9 


120 

7.09 

.71 

10.01 

.233 

5.6 

9.6 


120 

7. 13 

.75 

10. 52 

.894 

5.9 

8.8 


120 

6. 4a 

.52 

8. 05 

.629 

5.4 

8.3 


120 

7. 54 

.89 

11.80 

.890 

6.0 

10.5 

22. 5 

120 

9. 14 

1.35 

14. 77 

1.074 

6.6 

13.4 


120 

7. 42 

.70 

9. 43 

.774 

6. 1 

9.6 


| 120 

6. 48 

.73 

11.27 

.708 

5.0 

9.4 


1 120 

8.38 

1. 17 

13.96 

.998 

6.1 

1 11.8 

20.6 


• Data for the years 1890, 1898, 1899, 1900, 1901, 1902, and 1903 are taken from Davenport’s Principles of 
Breeding (/, p. 446 ); means and standard deviations for the remaining years are calculated by the non- 
grouping method. 
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Table 5. — Average oil content and its 'percentage variability in Illinois high-oil strain 
corn, 1896-1924, as measured by different methods, together with extreme variates 


Year 


1 H90 . 
1807. 
1808 
1890 
1900- 
1901 
1902- 
1903. 
1901.. 
ioo;> 
1900 

1907. 

1908. 
1900- 
1910- 
1911 

1912. 

1913. 

1914. 
1015. 
1910 . 
1917. 

1918- 

1919- 

1920- 

1921- 
1922. 

1923 

1924 


Ears 

A vernge 
oil 

content 

Standard 

Coeffi- 
cient of 
variation 

Varia- 
bility by 
Wein- 
berg \s 

Lowest 

Highest 

Popula- 
tion in 

analyzed 

deviation 

variate 

variate 

modal 

class 



formula 

Number 

Per cent 



Per cent 



Per cent 

163 

« 4. 68 

<* 0 . 4 1 

• 8. 83 

0. 585 

3.9 

6. 0 

19. 6 

80 

4.79 

.38 

7. 87 

. 543 

3. 6 

5. 7 


216 

5. 10 

. 48 

9. 33 

. 615 

4. 1 

6. 7 


108 

5. 65 

.42 

7.47 

. 582 

4.3 

6. 5 


108 

6. 10 

. 44 

7. 26 

. 527 

4. 6 

7.4 

23. 1 

126 

6. 24 

. 45 

7. 26 

. 621 

4.9 

7. 1 


90 

6. 25 

. 50 

8. 06 

. 680 

5. 0 

7. 2 


100 

6. 51 

. 46 

7. 07 

. 60S 

1} 

7. 6 


101 

7.11 

. 61 

8. 61 

.792 

6. 0 

8. 4 


120 

7. 30 

. 49 

6. 70 

. 651 

6. 3 

8. 6 

1 1. 2 

120 

7. 38 

. 40 

5. 46 

. 594 

6. 6 

8. 5 


120 

120 

7. 43 

. 51 

6. 82 

.522 
. 658 

6.2 
5. 9 

8 7 


! 7. 21 

. 53 

7. 36 

s! 5 


120 

j 7. 05 

. 47 

6. 62 

.580 

5. 8 ' 

8. 1 


120 

7.72 

.57 

7. 36 

.718 

6.5 

! 9. 0 

19.2 

120 

120 

! 7.52 | 

7.71 

.69 

.50 

0. 20 
6. 49 

.763 
. 77H 

i 5. 9 

6. 5 

9.2 

j H.7 


120 

i 8. 16 

. 62 

7. 63 

. 700 

! 6. 4 

9. 6 


120 

8. 30 

. 68 

8. 23 

. 668 

1 5. 8 

I 10. 1 


120 

8.47 

. 49 

5. 77 

. 576 

! 6. 9 

j 9. 8 

- 15.0 

i 120 

; 8.51 

.49 

5. 80 

. 592 

7. 2 

! 10.0 


j 120 

S 8. 52 

.58 

6.78 

.762 

1 7 - 2 

9.7 


120 

9. 36 

.53 

5.67 

.674 

8. 0 

10.5 


120 

! 9.06 

.84 

9. 

. 961 

7.3 

! 10.4 


120 

I 9. 28 

. 52 

5. 57 

.619 

; 7.8 

i 10. 0 

17. 5 

120 

! 9. 94 

.66 

6. 64 

.729 

8.4 

j 11.7 


120 

! 9. 86 

.54 

5. 48 

.674 

j 8.7 

| 11.3 


120 

! 10.08 

. 65 

6. 45 

. 695 

8. 3 

11.8 

jr 

120 

; 9 . so 

. 61 

0. 19 

. 676 

1 8.4 

1 11.7 

I 18.3 


° Data for the years 1890-1903 are taken from Davenport’s principles of breeding (1, p. 440 ) : means and 
standard deviations for the remaining years are calculated by the nongrouping method. 


Table 6. — Average oil content and its percentage variability in Illinois low-oil strain 
corn, 1896-1924, us measured by different methods, together with extreme variates 


Year 

Ears 

A verage 
oil 

content 

Standard 

Coeffi- 
cient of 
variation 

Varia- 
bility by 
Wein- 
berg 's 
formula 

Lowest 

H ighest 

.Popula- 
tion in 

analyzed 

deviation 

variate 

variate 

modal 

class 


Nu mber 

Per ceni 



Per cent 



Per cent 

1896 

163 

-4.68 

0 0. 41 

« 8. 83 

0. 585 

3. 9 

0. 0 

19. 6 

1897 

.50 

4. 10 

. 29 

7. 10 

. 510 

3. 4 

4. 7 


1898 

108 

3. 59 

.32 

8. 13 

. 589 

3. 2 

4.8 


1899 

144 

3. 85 

.32 

8. 42 

. 484 

2.8 
2. 6 

4.6 

4.5 


1900--- 

144 

3. 57 

. 36 

10. 13 

. 522 

24.4 

1901 

126 

3. 45 

. 26 

7. 59 

.450 

2.8 

4. 1 


1902 

90 

3.00 

.32 

10. 83 

. 492 

2 A 

2. 5 

3. 8 


1903 --- 

90 

2.99 

.23 

7.83 

.441 

3. 6 


1904 

100 

2. 89 

.46 

15.91 

.920 

2.4 

1.8 

3. 4 


1905 

119 

2.58 

.31 

11.86 

.502 

3. 1 

30.3 

1906--.. 

120 

2.07 

.30 

11.35 

.443 

1.6 

3. 5 


1907 

120 

2.60 

.24 

9.04 

. 466 

i,2 

3. 3 


1908 

120 

2. 39 

.27 

11.09 

. 507 

1.8 

2. 9 


1909 

120 

2.24 

.23 

10. 40 

.402 

1. 4 

2.8 


1910. 

120 

2.21 

.20 

9.05 ! 

.384 

1.6 


30.0 

1911 

120 

2. 06 1 

.23 

11.02 

.398 

1. 4 

2. 7 

1912 

120 

2.19 

. 22 

10,05 

.386 

1.3 

2. 7 


1913 

120 

1.91 

.24 

12.30 

.451 

1.3 

2.4 


1914 

120 

1.98 

.26 

13.33 

.446 

1.3 

2. 7 


1915 ! 

120 

2.07 

.25 

11.93 

.410 

1.4 

3. 1 

35.0 

1916 

120 

2. 07 

. 50 

24. 30 

.828 

1. 3 

4. 7 


1917 

120 

2. 10 

.24 

11.38 

.474 

1. 7 

2. 8 


1918 - 

120 

1.88 

.32 

16.86 

.489 

1. 2 

3. 0 
2.5 
2. 4 

_ 

1919 

120 

1.77 

.21 

11.92 

.394 

1. 3 


1920 

120 

1.80 

.21 

11.83 

.323 

1.0 

37.5 

1921 

120 

1.71 

. 15 

8.77 

.264 1 

1.0 

2. 3 

1922 

120 

1.68 

.19 

11. 55 

.347 

.9 

2 2 


1923 - 

120 

1.58 

.24 

15. 19 

.480 

1 . 1 

2. 1 


1924 

120 

1.51 

.22 

14. 57 

.387 

.9 

2. 2 

38. 3 


0 Data for the years 1896, 1898, 1890, 1900, 1901, 1002, and 1003 are taken from Davenport's Principles of 
Breeding (/, P. U6)\ means and standard deviations for the remaining years are calculated by the non- 
grouping method 
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SYMMETRY OF DISTRIBUTION 

A number of other statistical expressions have been proposed 
intended to describe the nature of a population with respect to its 
distribution. Certain of these expressions are of interest in connec- 
tion with the present study. An important item of information in 
regard to a distribution is whether the variates are symmetrically 
distributed with reference to the mean or whether there is a bunching 
of variates on one side of the mean and a long tailing out of the 
variates on the other side; i. e., to know the amount of skewness. 

Another item that should be known is whether the variates are 
densely grouped at the mean, giving a high peak to the frequency 



polygon, or whether the distribution is rather flat in the middle and 
contracted at the ends, or whether the distribution of the variates is 
intermediate between these two conditions; i. e., to know the amount 
of kurtosis. A normal distribution is said to be mesokurtic, a peaked 
curve leptokurtic, and a flat curve platykurtic. 

The mean, median, mode, standard deviation, coefficient of varia- 
tion, variation by Weinberg’s formula, skewness, and kurtosis are 
given in Table 7 for each of the four strains taken at periodic inter- 
vals. The median, mode, 4 .skewness, 5 and kurtosis 6 were calculated 


♦ ModO^Mean— 3,03 (mean— median). 

* Skewness S. D. of Sk«0.59ftl4^=L Z)=*P. 5 o-P.io. 

• Kurtosis «r 5 quartile deviation. S. D . of Ku. * 

D 
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on the basis of percentiles. 7 Kelley (10, p. 58-62, 75-77) states 
that “this method of determining curve types, although in general 
not as accurate as the longer method of Pearson, can be used 
where the populations are large and the standard errors are small.” 
The variates of the high-oil and the low-oil strains appear to be 
fairly symmetrically distributed with reference to the mean. In no 
case is skewness significantly different from zero. In five of the seven 
years studied the median is greater than the mean in the high-oil 
strain. In the low-oil strain the median is lower than the mean in 
four of the seven years. The differences in all cases are very small. 


Table 7.“ Measurements of central or average tendencies , and of dispersions for 
distributions of the variates of four Illinois strains of corn taken at periodic 
intervals 


HIGH- PROTEIN STRAIN 


Year 

Num- 
ber of 
ears 
ana- 
lyzed 

Mean 

Me- 

dian 

j Stand- 

Mode i < . ltv 

m oue vi(ition 

j tion « 

Coeffi- 
cient 
of va- 
riation « 

Varia- 

bility 

by 

Wein- 
berg’s 
for- 
mula ° 

Skewness b 

Kurtosis f 

1M96 

163 

10.96 

11.04 

11. 18 I 1.04 

9. 50 

0.88 

+0.1082+0.0874 

-0.0008+0.0147 

1900 

216 

12. 69 

12.64 

12.55 ' 1.02 

1 8.09 

.80 

— . 1312+ . 0704 

+.010 1+ .0127 

1905 

119 j 

14. 77 

14.94 

15.29 1.26 

! 8.55 ! 

! 1? 00 

-h3997± .2312 

-.0320+ .0172 

1910 

120 1 

| 14.93 

15.08 

15.37 j 1.44 

| 9. 68 

1 1.11 

+.21594= . 1313 

+.0229+ .0171 

1915 

120 

14.55 

14.67 | 

| 14.92 ' 1.47 

i 10. 19 

1.08 

+.2447+ . 1426 

+.0106+ .0171 

1920 j 

' 120 j 

14. 04 

13.92 1 

13.67 ! 1.79 

12.78 

1.29 

-.2885+ .1775 

+.0206+ .0171 

1924 

120 i 

1 

16. OK 

16.65 | 

16.58 j 1.19 

7.17 

...2 

-.1027+ .1237 I 

-.0065+ .0171 


LOW-PROTEIN STRAIN 


1896 

.! 163 

10.96 

11.04 

11. 18 

1.04 ! 

9. 50 

0.88 

+0. 1082+0. 0874 

+0.0008+0. 0147 

1900 ... 

144 

9. 19 

9. 07 

8. 83 

1.04 

11.34 

.94 

-.2044+ .0922 

+.0043+ .0156 

1905 ... 

J 120 

8. 64 

8. 48 

8. 15 

.85 ; 

9.91 

.75 

-.1772+ .0946 

+.0398+ .0171 

1910 . ... 

120 

8.32 

8. 24 

8.08 

.86 I 

10. 41 

.83 

-. 1443+ .0870 

-.0085+ .0171 

1915 

.1 120 

7.30 

7. 16 

6. 85 

.85 | 

11. 69 

.85 

-.2182+ .0775 

+.0018+ .0171 

1920 

120 

7.60 

7.50 

7.29 

.89 1 

11.80 

.89 

-. 1543+ . 0835 

+ .0061+ .0171 

1924 

I 120 | 

8. 44 

8.34 { 

8. 14 

1. 17 ! 

13.96 

1.00 j 

-. 1865+ . 1049 

-.0050+ .0171 


H1GII-OIL STRAIN 


1896 

1900 

1905 

1910 

1915 

1920 

1924 

163 

108 

120 

120 

120 

120 

120 

4.74 

6. 15 
7.35 

7. 78 
8.52 
9.34 
9.92 

4.83 

6.20 

7.34 

7. 72 

8. 58 

9. 35 
10. 00 

5. 00 

6. 31 

7. 32 
7.60 

8. 69 

9. 38 
10. 17 

0. 41 
.44 
.49 
.57 
.49 
.52 
.61 

8.83 
7. 26 

6. 70 

7. 36 
5. 77 

5. 57 

6. 19 

0. 59 
. 53 
.65 
.72 
.58 
.62 
.68 

i +0.0323+0.0391 

1 +.0654+ .0653 

1 -.0053+ .0519 

-.1090+ .0507 
+. 1098+ . 0574 
+.0850+ .0491 
+.0117+ .0726 

-0. 0368+0.0147 
— . 0051+ .0180 
+. 0330+ .0171 
-.0274+ .0171 
+.0014+ .0171 
-.0192+ .0171 
-.0301+ .0171 





LOW-OIL 

STRAIN 



1896 

163 

4. 74 

4. 83 

5.00 

0. 41 

8.83 

0. 59 

j +0. 0323+0. 0391 

1 -0.0368+0.0147 

1900 

144 

3. 63 

3. 61 

3. 56 

. 36 

10.13 

.52 

-.0565+ .0304 

+.0007+ .0152 

1905 

119 

2. 64 

2. 62 

2.58 

.31 

11.86 

.50 

-.0197+ .0262 

! +.0250+ .0172 

1910 

120 

2.26 

2. 27 

2.29 

.20 

9. 05 

.38 

+.0260+ .0241 

+.0171+ .0171 

1915. 

120 

2. 13 

2.12 

2. 12 

.25 

11.93 

.41 

-.0177+ .0209 

+.0155+ .0171 

1920 

120 

1.84 

1.86 

1.89 

.21 

11.83 

.32 

+.0257+ .0227 

-.0268+ .0171 

1924 

120 

1.56 

1.54 

1.52 

.22 

14. 57 

.39 

-. 0130+ . 0240 

-.0322+ .0171 


a Taken from Tables 3, 4, 5, and 6. 

b A positive sign (+) indicates that the distribution tails out on the low side.; a negative sign (— ) indi- 
cates the reverse. 

c Data reported equals Ku. less 0.26315. If sign is positive (+) curve is platykurtic; if sign is negative 
(— ) curve is leptokurtie. 

7 Determine the class in which the pN+H measure lies. 

Lot / p * the frequency in this class. 

Let i p =» the interval or range coverod by this class. 

Let E»»the sum of the frequencies in all classes below this class. 

Let p„*tbe value of the lower boundary of this class. 

Let AT* the total population. . ~ .... 

Let Pp* percentile, the value of which is to be calculated. 

Let proportion of classes having values smaller than P p . 


Then P p 


h- 

f P 
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The distributions for the low-protein strain are negatively skewed, 
i. e., tail out on the high side for each of the years studied except 1896. 
Although the skewness is much greater than in the case of the oil 
strains, in no instance is skewness significantly different from zero. 
Likewise, the distributions for the high-protein strain show a greater 
skewness than do the distributions for the oil strains, but in no case 
is the skewness significantly different from zero. 

The four strains show but little deviation from a mesokurtic curve. 
The small deviations from the normal probability curve are as fre- 
quent in the direction of a leptokurtic curve as of a platykurtic curve. 

A study of the extreme variates of the different strains for the 
period of selection (fig. 14) shows that in the high-oil strain the 
variates deviate as far on the low side as they do on the high side. 
In the low-oil strain the deviation is slightly greater on the high side. 



Figure 14. — Comparison of the range between the low’est variate and the mean (solid line), and 
the highest variate and the mean (broken line), for high-protein, low-protein, high-oil, and 
low-oil Illinois corn as expressed by the best fitting straight lines 


However, the extreme variates in the high-oil strain are about twice 
as far from the mean as those in the low-oil strain. The range in 
the low-oil strain is becoming less while that in the high-oil strain is 
becoming greater. 

The extreme variates in the low-protein strain are farther from 
the mean in a positive direction than in a negative direction, while 
in the high-protein strain the reverse is true. This means that the 
distribution tails out toward the mean of the original nonseleoted 
material in both cases. 


GENERAL DISCUSSION 

If, as has been stated by many, the population with the greatest 
variability offers the greatest chance for improvement by selection 
then it should be possible to make still greater progress in the Illinois 
high-protein and Illinois high-oil strains in future years than has 
been made in the past because the range of each was greater in 1924 
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than it was in 1896. (Fig. 15.) Such a conclusion would be rather 
questionable. As has been stated, the strains now appear to be 
more nearly homozygous than was the original material, and our 
knowledge of genetics and the effects of selection would lead us to 
believe that they should be. Being more nearly homozygous, they 
should be less variable genetically. The apparent increase in vari- 
ability must then be due either to the environment or to the methods 
of measuring variability. 

Emerson (4, 80-81) in speaking of the variability in number of 

rows on an ear of corn says: u . . . It is more reasonable to suppose 



Figure 15. —Comparison of the ranges between the highest variate and the lowest variate for 
high-protein, low-protein, high-oil, and low-oil Illinois corn as expressed by the best fitting 
straight lines 


that an ear which can vary in any one of eight spikes will show a 
greater degree of fluctuation than one which can vary only in any 
one of four spikes. For this reason it is likely that strains with a 
high number of rows will never show the low variability seen in strains 
with a low number of rows.” One may reason in like manner about 
variability of the oil and of the protein content for the different 
strains. The high strains are more variable than the low strains 
because there is more material present for the environment to 
interact with. Supposing the germ of the high-oil strain to contain 
600 cells and that of the low oil to contain 300 cells, we might expect 
twice the effect on the high-oil strain from environmental action as 
on the low oil under identical conditions. 

Zeleny (15, p . 15) states: “It is a common principle of embryology 
that a changed condition does not act by accretion, i. e., by addition 
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or subtraction of individual parts without affecting the rest. On 
the contrary, the action is upon all of the preexisting parts of the 
organ. ” This he calls the theory of proportionate action. Zeleny, 
in the study of the effect of selection for eye facet number in the 
white bar-eye race of Drosophila melanogaster , found that a race 
with 300 facets was affected ten times as much as a race with only 
30 facets by a 1° change in temperature. In order to measure the 
variability of races with different facet numbers he scaled his classes 
for grouping so that each class range was a fixed percentage of the 
mean of its class. He used as a mid or zero point the mean of the 
original population from which his selected material came. He 
{16, p. 15) goes on to explain that “the standard deviation, as deter- 
mined by this method, is expressed in factorial units and serves 
directly as a coefficient of variation strictly comparable in all cases, 
regardless of the mean values of the different stocks that may be 
compared.” 

Should such a method of measuring variability be applied to the 
distributions of the oil and protein strains in the present study, it 
can be readilv seen that the degree of deviation from the means 
would depend upon the value taken as a percentage of the means 
of the classes. The larger this figure the smaller the deviation of 
the high strain as compared to the low strain. Also, the farther 
the high strain is removed from the low strain the greater will be its 
comparative reduction in variability. The factorial method of meas- 
uring variability has not been used in an analysis of these data 
because the method affords no manner of determining the figure to 
be used in arriving at the class ranges with such data. Such a 
figure might be 10, 20, or 23 per cent. Zeleny apparently uses such 
a figure as will give a normal distribution for the populations studied. 
As has been shown, the distributions for protein and for oil content 
thus far studied do not show a significant deviation from the normal 
curve. 

Although it appears logical to attribute the increase in variation in 
the high strains to the fact that there is more material for the environ- 
ment to interact with, it is impossible to prove it, because the vari- 
ability due to the environment can not be separated from the 
variability due to the segregation and recombination of factors. The 
complexity of the inheritance of protein and oil content and the 
manner of conducting the selection work make it entirely impossible 
to analyze the four strains genetically. Others who have studied 
the protein content of corn have also found it impossible to deter- 
mine the genetic factors involved. East (3) lists a large number of 
factors other than genetic that may and probably do affect protein 
content, e. g., number of seeds on the ear, size of pericarp, lack of 
phosphorus, and departure from optimum temperature and moisture 
at critical periods. In addition to these there may be considered the 
factors affecting size of germ, size of endosperm, absorption of differ- 
ent amounts of food elements through the roots and their transloca- 
tion through the stalk and subsequent deposition within the pericarp. 
The total protein content is made up chemically of at least four 
protein groups (IS) each of which may be represented by a single or 
several jgen^s in the germ plasm. Some of these factors may be dom- 
inant and others recessive* or there may be any graduation of domi- 
nance. Hayes (5) states: “Protein content is therefore inherited in 
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much the same way as other characters which are dependent for their 
full expression on many different inherited factors of the plant and 
likewise upon environmental conditions.” What has been said of 
the protein content may likewise be said of the oil content. 

SUMMARY 

Twenty-eight years of continuous selection for protein and oil 
content in corn has produced four types which are distinctly different 
in their composition. When compared with the original nonselected 
material the high-protein and the high-oil strains show a propor- 
tional increase of 50.01 and 109.79 per cent, respectively. The low- 
protein and low-oil strains show a proportional decrease of 23.26 and 
67.87 per cent, respectively. 

The high-protein and high-oil strains show no indications of hav- 
ing reached a limit to further increases. 

The low-protein strain has changed but little during the last 20 
years. 

The low-oil strain is approaching a physiological limit to further 
decreases. Ears with extremely low oil content have a high per- 
centage of germless seeds. 

The four different strains now trace back in their pedigrees to a 
single ear each. 

Variability has been shown to change considerably following selec- 
tion. The degree of change in variability depends somewhat upon 
the method used in measuring it. 

Variability of oil or protein content appears to depend upon the 
magnitude of the mean of the selected character. 

Variability as measured by the coefficient of variation increases 
when selection leads to a low mean, and vice versa. 

Variability, as measured by the standard deviation, Weinberg's 
formula, and extramodel coefficient, increases when selection leads 
to a high mean, and vice versa. 

The percentage of the population lying in the model classes decreases 
when selection leads to a high mean, and vice versa. 

The symmetry of the distribution curve as determined by the per- 
centile method for the four strains taken at periodic intervals is not 
significantly different from that of the normal variability curve. 

It is suggested that the apparent increase in variability of the high 
strains may be due to the fact that there is more material present 
for the environment to interact with. 
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A BOTANICAL AND CHEMICAL STUDY OF BIKUKULLA 
EXIMIA, WITH A KEY TO NORTH AMERICAN SPECIES 
OF BIKUKULLA 1 

By W. W. Eggleston, Assistant Botanist; O. F. Black, Senior Biochemist; 

and J. W. Kelly, J unior Biochemist , Office of Drug , Poisonous , and Oil Plants , 

Bureau of Plant Industry , United States Department of Agriculture 

INTRODUCTION 

In 1921 a study was made of the alkaloids of Bikukulla cucul- 
laria and B. canadensis in relation to their poisonous properties to 
grazing animals 2 and from the former there was isolated a new and 
extremely toxic alkaloid to which was given the name cucullarine. 
B. canadensis was also found to be poisonous but to a less degree. 
In view of these results it was thought worth while to make a chemical 
study of B. eximia , since no such study had previously been reported. 

All the members of the Bikukulla groiip on which chemical work 
has been reported are known to contain alkaloids, which is not sur- 
prising since they are closely allied to the poppy family. Few of 
the alkaloids, however, have been examined with sufficient care to 
prevent confusion as to their identity, and, with the exception of 
protopine, dicentrine, cucullarine, and an unnamed alkaloid isolated 
from B . canadensis , practically nothing is known about their toxicity. 

BIKUKULLA EXIMIA 
BOTANICAL DESCRIPTION 

Bikukulla eximia (Ker) Millsp. Fringed bleedingheart. Also known as wild 
bleedingheart, staggerweed, and turkey corn. (Fig. 1.) Perennial, smooth 
herb, with dark-green basal leaves ternately compound, finely cut into oblong 
or ovate segments; scaly rootstocks; flower pedicels rising from the root 1 to 2 
feet high, taller than the leaves, in compound lengthened clusters; flowers flat- 
tened, usually withering and persistent; sepals 2, scalelike; petals 4, the outer 
produced into rounded sacs at the base, 2 inner petals crested; stamens 6, in two 
groups, their filaments often united; pods several seeded, splitting; seeds black, 
warty, crested. Habitat, mountain rocks and river gorges. 

This species was found at Junius, Seneca County, N. Y., by H. P. 
Startwell more than a century ago., but it has never been found so 
far north since. Otherwise the plant ranges in the southern Appa- 
lachian Mountains from Wills Mountain, Allegany County, Md., 
south to Georgia. 

EXPERIMENTAL WORK 

The material on which the work was done consisted of leaves and 
twigs of Bikukulla eximia collected near Deerfield in Augusta County, 
Va., by the senior writer in June, 1923. This material, which was in 


1 Received for publication Mar. 19, 1929; issued October, 1929. 

2 Black, O. F., Eggleston, W. w., Kelly, J. W., and Turner, II. C. poisonous properties ok 

BIKUKULLA CUCULLARIA (DUTCHMAN’S-BREECHKS) AND B. CANADENSIS (SQUIRREL-CORN). Jour. Agr. 
Research 23: 69-78, illus. 1923. 
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good condition when received, was ground to a moderately fine 
powder. A few grams of the powdered product was extracted with 
rrollius’s solution, and the evaporated extract was taken up with 



Figure 1 —Bikukulta eximia in flower, X H 


dilute hydrochloric acid, filtered, and tested with Mayer’s reagent. 
This gave a heavy flocculent precipitate, indicating the presence of 
alkaloids in quantity. 
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As the primary object of the work was to find out whether this 
plant is toxic to animals, the next step was to make a preparation 
that would contain the total alkaloids from a known weight of the 
plant and to test the toxicity of the preparation by administering 
definite doses of it to white mice. To this end 30 gm. of the finely 
ground plant was moistened with alcohol and acetic acid, packed in a 
percolator, and thoroughly extracted with 95 per cent alcohol. The 
resulting extract was evaporated by distillation under reduced pres- 
sure, and the residue was taken up with dilute acetic acid and then 
made alkaline with ammonia. The alkaloid was shaken out with 
chloroform, which entirely removed it. The chloroform extract 
was concentrated to a few cubic centimeters, and then extracted 
with dilute acetic acid. The last extract was made alkaline with 
ammonia and again shaken out with chloroform, the solvent was 
evaporated in a tared dish, and the residue was weighed. The resi- 
due consisted of an amorphous light-yellow substance weighing 0.7 
gm., equivalent to 2.3 per cent of the dry plant. The crude alkaloid 
was next treated with very dilute hydrochloric acid, which, it was 
observed, did not effect complete solution. The insoluble portion 
was dried and weighed. One-half cubic' centimeter of the solution, 
representing 8 mgm. of alkaloid, was then injected subcutaneously 
into a mouse weighing about 15 gm. No marked symptoms of any 
kind were observed in the animal, with the possible exception of a 
slight drowsiness. As 8 mgm. is a very large dose for an animal of 
15 gm. weight, it was concluded that the alkaloids contained in 
Bikukulla eximia were of slight physiological activity. 

The portion of the crude total alkaloid that did not dissolve in the 
hydrochloric acid weighed 0.19 gm. and represented approximately 15 
per cent of the whole. This was redissolved in a little alcohol and 
ammonia, and on the addition of water the free alkaloid separated in 
fine white needle crystals. The crystals were washed on a filter with 
water, dried, and redissolved in alcohol, in which they were readily 
soluble, and purified by conversion into the chloride and recovery of 
the free base. As thus prepared the compound was found to have a 
melting point of 165° C. (uncorrected) and consisted of colorless 
needles, very soluble in alcohol and chloroform but insoluble in water. 
With gold and platinum chlorides it gave only amorphous precipitates, 
but with picric acid it formed a finely crystalline salt which could be 
recry stalhzed from hot alcohol and which had a melting point of 175° 
C. (uncorrected). The alkaloid, therefore, shows every evidence of 
its chemical individuality and is differentiated from other alkaloids 
hitherto found in this group of plants by its insoluble hydrochloric 
acid salt as well as by other physical properties. There is every 
reason, then, to believe it to be a new alkaloid, and the name eximine 
is proposed for it. 

The physiological action of this new alkaloid was tested by dissolv- 
ing a weighed quantity in very dilute acetic acid and injecting the 
solution subcutaneously into a white mouse. A dose of 3 mgm. 
produced only a slight restlessness, which soon wore off, and no 
further symptoms could be detected. This alkaloid, therefore, is 
not of a dangerously poisonous character. As the other alkaloidal 
contents of the plant were likewise found to be innocuous, it seems 
safe to conclude that Bikukulla eximia should not be classed as a 
poisonous plant. 
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Table 1 summarizes the chief chemical and physical characteristics 
of the alkaloids of the Bikukulla group that have been reported, in- 
cluding eximine, the new compound that has been obtained from B. 
eximia. 


Table 1. — Comparison of the characteristics of previously reported alkaloids of 
Bikukulla species with those of B. eximia 


Alkaloid 


Protopine. 


Dicentrine 

Cuoullarine 

Eximine 

Unnamed 

Do... 

Do 

Do 

Do 


Species in which the 
alkaloid occurs 

Melting 
point 
(° <:.) 

Solubility 

fB. cucullaria 



Jb. pusilla. 

1 206- -208 _ 

Ether chloroform 

1l3. formosa 


| 


B. pusilla 

168-169. 

Hot alcohol chloro- 

B. cucullaria 

168 

form. 

Ether chloroform 

B. eximia. 

165 

Alcohol chloroform 

B. canadensis 

210 

Alcohol 

B. cucullaria... 

235.. . . 

Alcohol (insoluble) 

Alcohol (soluble) 

do 

215 

B. formosa 

168.5. . . 

Alcohol (insoluble) 

Alcohol (soluble) 

do 

142.5 



Form 


Needles and prisms. 
Prisms. 


Do. 

Nooeles. 

Silky, yellow needles. 
Needles. 

Granular. 

Yellow noodles. 

White noodles. 


Color tests 


Alkaloid 

Concentrated 

H2SO4 

Erdman’s 

Froede’s 

Violet 

Concentrated 

HNOs 

Colorless 

Protopine 

Yellow 

Yellow to violet. 
Blue 

Dicentrine 

Cucullarine . 

Eximine 

Unnamed 

Violet 

Deep blue.. 

. ...do 

Yellow 

Colorless 

Green to blue... 

do 

Green ! 

l Orange . 

Crimson. _ 

Pale yellow. 

Red to violet 

Brown . ... 

Light yellow 

Red to brown . . 
Violet 

Orange.. 

Do 

Red to violet 1 

. Red to yellow.. . 

Do . . 

Blue... . 

Deep blue 

Blue green 1 

Colorless 

Do 1 

Colorless 

Green 

Brown , . 

, 





Physiological 

action 


Narcotic. 
Toxic. 
Very toxic. 
Nontoxic. 
Do. 


FIELD NOTES ON THE GENUS BIKUKULLA 

Bikukulla is largely a North American group of plants, with three 
species in the East ( B . cucullaria , B. canadensis , and B. eximia) and 
several species on the Pacific coast. 

An extended field survey was made in the mountain counties of 
southwestern Virginia in April, 1921, and in May and June, 1923. 
Bikukulla eximia was not observed in 1921 , but in 1923 it was collected 
at Deerfield and also on the Peaks of Otter. B. cucullaria and B. 
canadensis were found in abundance in many places in Giles, Bland, 
Tazewell, Russell, and Washington Counties. They are more 
abundant in these localities than anywhere else in their range, but 
they were even more abundant before the forests were generally 
removed. 

A better field knowledge of the western species is being acquired 
with a view to obtaining material for chemical study. Bikukulla 
formosa , the first species discovered on the Pacific slope, was observed 
by the senior writer in a number of places in the Sierra Nevada in 
California, but only a few plants at a time. This species is much 
more abundant in the moist woods along the streams flowing into 
Puget Sound and is common in the vicinity of Glacier, Wash. B. 
chrysantha, one of the yellow-flowered species of California, ranges 
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from central to southern California and is abundant in Bull Run 
Canyon, Sequoia Forest, Kern County. Three other species (B. 
ochroUuca, B. uniflora , and B. pauciflora) are of less importance and 
as yet have not been observed in any quantity. The western form of 
B. cucullaria, considered by many botanists as a distinct species, 
and perhaps rightly so, should be studied chemically in comparison 
with the eastern species. 

KEY TO NORTH AMERICAN SPECIES OF BIKUKULLA 

Stems leafy, tall; flowers yellow; corolla deciduous; seeds crestless. 

Flowers sulphur yellow; outer petals spreading or recurving to the middle; 

widely scattered. California and southern Oregon 1 . B. chrysantha. 

Flowers straw yellow or cream colored; outer petals erect or only tips 
spreading; Santa Ynez Mountains to the Santa Monica Mountains. 

2. B. ochroleuca. 

Stems naked; leaves basal; flowers white or pink, nodding; seeds crested. 
Rootstocks tuber bearing; racemes simple. 

Rootstocks long, with scattered cornlike yellow tubers; flowers cordate; 

spurs rounded 3. B. canadensis. 

Rootstocks much shortened; tubers at base of stem. 

Tubers gathered in a scaly, granulated bulb, white to dark red; flowers 

several; sagittate; spurs long, spreading 4. B. cucullaria. 

Tubers in a fascicle, elongate, tapering toward the base; flowers 1 or 2, 
outer petals long, tips recurving beyond the body; small; alpine. 

5. B. uniflora. 

Rootstocks not tuber bearing. 

Racemes simple; flowers i to 3; petals distinct, outer petals narrow, re- 
curved; small; alpine _ 6. B. pauciflora. 

Racemes compound. 

Appalachian species; flowers oblong; crest of inner petals projecting. 

7. B. eximia. 

Pacific coast species; corolla ovate cordate; petals united. 8. B.formosa 




RELATION OF PICKING TIME TO ACETALDEHYDE CON- 
TENT AND CORE BREAKDOWN OF BARTLETT PEARS 1 


By C. P. Harley 

Associate Physiologist, Office of Horticultural Crops and Diseases, Bureau of Plant 
Industry , United States Department of Agriculture 

INTRODUCTION 

In the course of studies designed to throw light upon the factors 
associated with the production of scald and breakdown in Bartlett 
pears, it was reported ( 1 ) 2 that acetaldehyde was formed as a product 
of vital activity of pear protoplasm and was present in the tissues in 
increasing amounts during the period of ripening. The close correla- 
tion that was found to exist between relatively high quantities of 
acetaldehyde in the tissues and the occurrence of scald and breakdown 
suggested that acetaldehyde may be instrumental in the initiation of 
these disorders. More recent investigations have substantiated the 
earlier findings and have yielded further information regarding the 
behavior of Bartlett pears in relation to acetaldehyde content and 
breakdown. 

It has been observed (2 ) 3 that maturity at the time of harvest is an 
important factor in the keeping quality of the pear. When pears 
are picked late in the season breaking down at the core is more 
prevalent than when they are picked earlier, and in general the later 
the time of removal from the tree the more pronounced the disease 
becomes. Breakdown will also occur on pears allowed to ripen imme- 
diately upon their removal from the tree without being subjected to 
storage conditions. Scald, on the other hand, is more prevalent on 
pears picked im maturely and does not appear normally until the 
fruit has been in storage for some time (2 y 4)* 

Magness and Ballard (5), studying the respiration of Bartlett pears, 
found that the rate of ripening seemed to parallel the carbon dioxide 
output, that early picked fruit respired at a lower initial rate, and that 
this rate was accelerated less rapidly than that of late-picked fruit 
from the same tree. They also stated that Bartlett pears which 
were ripened at temperatures around 60° F. showed a marked increase 
in the concentration of carbon dioxide in the tissues and a considerable 
decrease in oxygen. 

In the light of these observations it was considered important to 
make a further study of the acetaldehyde content of Bartlett pears, 
its relation to breakdown as influenced by the time of harvesting, 
and the carbon dioxide and oxygen concentrations within the tissues. 


1 Received for publication Mar. 7, 1929; issued October, 1929. 

2 Reference is made by number (italic) to “Literature cited," p. 493. 

8 Diehl, H. C. picking pears in relation to quality. 10 p. [Mimeographed.] (Circular for the 
use of the inspectors of the cooperative Federal and Washington State shipping-point fruit and vegetable 
inspection service.) 

4 See footnote 3. 
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MATERIALS AND METHODS 

In the experiments described in this paper, only Bartlett pears 
were used. These were obtained from two trees which were espe- 
cially selected because of their similarity in location, growth, and size 
of crop. The fruit was picked on four different dates to represent 
the entire harvest period of the Wenatchee (Wash.) district, where 
the fruit for the experiment was obtained: August 9, 1927, the early 
commercial picking date; August 17, the early to midseason maturity 
stage; August 26, the midseason to late-season stage; and September 
12, the late stage. 

The pears of each picking were divided into three equal portions 
and placed under the following conditions: (1) Immediately ripened 
at 22°~24° C.; (2) stored at 0° C. for one month before being ripened 
at 22°-24° C.; (3) stored at 0° C. for two months and subsequently 
ripened at 22°-24° C. The fruit at 0° C. was held in a modern 
commercial cold-storage plant maintaining a fairly constant tem- 
perature with the maximum fluctuations not exceeding 2° C. In the 
ripening room thermographic records showed a fairly uniform range 
of 22°-24° C. 

Samples for chemical analysis and maturity tests were taken at the 
time of picking, and samples for chemical analysis at intervals through- 
out the ripening periods. Five pears were selected at random for 
acetaldehyde determination. These were cut into equal pieces and 
samples of tissue for analysis weighed from these portions. Seeds 
- and carpel walls were carefully excluded from the samples, and pears 
showing any visible evidence of scald were discarded. Separate 
analyses of the intercellular gas of three to five pears were made, and 
the individual determinations were averaged. 

CHEMICAL ANALYSES 

The method employed for the determination of acetaldehyde is to 
be found in a recent article ( 1 ). Samples for carbon dioxide and 
oxygen analyses were taken from the pears at right angles to the 
long axis with a large cork borer. From these samples the inter- 
cellular gases were extracted by means of a modification of the 
apparatus described by Magness ( 3 ). The gases were collected 
over mercury and transferred to a Bonnier-Mangin gas-analysis 
apparatus. 

MATURITY TESTS » 

Possibly the most accurate and satisfactory method of deter- 
mining the maturity of pears is by the use of the pressure tester, a 
device which measures the resistance of the flesh of the fruit to me- 
chanical pressure in terms of pounds. The instrument used in this 
investigation is described in Department Circular No. 350 ( 6 ). 
Standard color charts were also used in the maturity tests. 

PRESENTATION OF DATA 

Data secured from the chemical analyses and the maturity tests 
are presented in Tables 1, 2, and 3. In these tables are given the 
amounts of acetaldehyde in the tissues, the percentages of carbon 

* For these data the writer is indebted to H. G. Diehl and L. A. Fletcher, Bureau of Plant Industry, 
tJ. 8. Department of Agriculture. 
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dioxide and oxygen in the intercellular gases, the resistance of the 
tissues to pressure in pounds, and the average color of the fruit at 
the time of harvesting and at intervals during the ripening period. 
In Table 1 the results are from the pears picked on the four different 
dates and placed immediately in the ripening' room at 22 0 -24 0 C. 
In Tables 2 and 3 are presented the analyses of the pears after periods 
of one and two months, respectively, in cold storage at 0° C. and 
then placed in the ripening room at 22°-24° C. Samples for analysis 
were taken upon the removal of the pears from cold storage and at 
intervals during the ripening period. 


Table 1 . — Analyses of Bartlett years ripened at 22°~24° C. immediately after 

picking 


Picking date 
(1927) 


Aug. 9 


Aug. 17. 


Aug. 20- 


Sept. 12. 


Days in 
ripening 

Acetalde- 
hyde in 
100 gin. 

Composition of 
intercellular gas 

Average 

resistance 




room 

of fresh 
t issue 

Carbon 

dioxide 

Oxygen 

pressure 


mo- 

gra ms 

Per cent 

Per cent 

Pounds 

0 

0 

3. 0 

16. 2 


2 

.30 




if) 

1.24 

9. 2 

17. 1 

17.6 

20 

11.66 

15.0 

14. 2 

* 24 

14. 28 

5.7 

17.4 


« HO 

13. 22 

(") 

(•*) 


0 

0 

3. 5 

15.6 


2 

.36 

4.4 

17. I 

1 

12 

5.39 

14.2 

16.0 

16.2 

Ifi 

13. 82 

14. 9 

13.9 

«» 22 

13. 79 

9. 9 

16.4 


« 28 

11.00 

( d ) 

CO 


0 

0 

3.8 i 

15.0 


2 

.44 

0.3 ! 

18. 0 


7 

.72 

11.5 

14.7 

15.4 

18 

11. 29 

10.0 

12.0 

b 19 

20. 10 

15. 2 ! 

14.2 


c 24 

14.40 

( d ) 

CO 


0 

0 

10. f. 

13.4 


2 

.00 

15.4 

12.3 


b 7 

1 4. 50 

14.5 

15.2 

11.0 

JO 

J4. 80 ! 

24.8 

11. 1 

• 15 

15.40 ! 

(“) 

(0 


/ 12 

12.27 j 




1 





Average 
color ° 


* Color was determined according to the method used by Magness, Diehl, ami Allen (7, p. $). 
h Slight browning about vascular and core tissues. 

* Browning about core tissues and extending into the cortex; fruit wilted. 
d Fruit too soft to sample. 

* Tissues badly broken down; no wilting. 
f Badly broken down. 
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Table 2. — Analyses of Bartlett pears placed in cold storage at 0° C. immediately 
after pithing , and held there for one month before being ripened at 22°-24° C. 


Picking date 
(1927) 


Aug. 17 


Sept. 12 


Acetalde- 
hyde in 

Composition of 
intercellular gas 

Average 

resistance 

1 00 gin . 
of fresh 
tissue 

Carbon 

dioxide 

Oxygen 

to 

pressure 

Milli- 

grams 

Per cent 

Per cent 

Pounds 

0. 22 

2.9 

20.6 


1.21 

14. 5 

12.4 


«. 22 

15.9 

12.6 

10. 3 

8. 36 

16.9 

14. 5 

10. 45 

32.4 

6.8 


10. 00 

18.3 

13. 2 


.29 

3. 5 

20.0 


1.32 

22. 1 

8.6 


5. 39 

26.8 

6.0 

15. 7 

10. 23 

21.8 

10.8 

10. 56 
10. 01 

18. 1 

14. 5 


. 11 

4.5 

19. i 


1.54 

16.9 

12.4 


6. 27 

28.6 

8. 7 

14.4 

19. 58 

30.4 

7. 5 


13.53 

21. 1 

12.5 


4. 18 

5.0 

21. 1 


9. 35 

26.9 

7. 5 


16. 50 

32.0 

8.6 

11.4 

20. 90 

20.7 

10.8 


13. 53 

31.6 

t 5.8 

I 



* Core tissues slightly browned; slight wilting. 

Browning of the core and cortex tissues; badly wilted. 
c Core and cortex tissues broken down. 


‘ Badly broken down. 

* Badly broken down; no wilting. 


Table 3. — Analyses of Bartlett pears placed in cold storage at 0° C. immediately 
after picking , and held there for two months before being ripened at 22°-24° C. 


; 

1 

Picking date ! 

(1927) 

Days in 
ripening 
room 

Acetalde- 
hyde in 
100 gm. 
of fresh 
tissue 

I 

Composition of j 
intercellular gas 

ass 

Average 

resistance 

to 

pressure 

A vernge 
color 




Mllll - 








grams 

Per cent 

Per cent 

Pounds 




0 

0.20 

3.7 

20.0 



Aug. 9 


4 

1.32 

14.7 

14.5 




9 

11.22 

28.9 

8.7 

16.7 

2 



- 18 

13. 53 

22. 1 

10.2 





b 22 

7. 92 







0 

.55 

6. 1 

19.9 





1 


8.7 

17.0 



Aug. 17 


3 

1. 76 

23.6 

9.6 




6 

8. 36 

21.5 

4.4 

> 14.6 

2 



« 13 

11.44 

19.2 

10.7 





17 

10.00 

16.4 

14.0 





6 22 

9.68 

18. 1 

11.7 





0 

.55 

5.9 

19. 2 , 



Aug. 26 


5 

6. 27 

28. 7 

8.8 




e 9 

14. 74 

31.2 

9.5 

14. 5 

3 



A 14 

17.71 

21.0 

13.2 




| 

17 

11.22 

31.5 

8.0 





« 0 

11.66 

6.6 

19.9 





2 

13.97 

14. 1 

13.5 





4 

16.61 

15.6 

15.6 



Sept. 12 



6 
d 9 

19. 25 
21. 45 

27.5 

13.0 

10.3 

15.0 

. 11.0 

4 



11 

23.94 

18.3 

12.0 





• 13 

19.91 

17.0 

10.8 



t 

^ . • 

15 

13. 85 

17.1 

7.4 




a Slight browning of the core tissues; slightly wilted. d Core and cortex tissues badly broken down. 

k Badly wilted and broken 'down. * All tissues completely broken down. 

• Core tissues broken down; no wilting. 
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Core Breakdown of Bartlett Pears 

BREAKDOWN IN RELATION TO MATURITY 

From the data presented in Tables 1 to 3 it is apparent that the 
stage of maturity at the time of harvesting has a decided influence 
upon the subsequent keeping quality of Bartlett pears. This is 
reflected in the length of time elapsing from the date they were 
removed from the tree until they showed the first evidence of break- 
down. In Table 4 there are shown the number of days required to 
produce breakdown in the various pickings when the fruit was ripened 
at 22°~-24° C. As evidenced there, the earlier the pears were picked 
the longer was the time required for breakdown to occur. This was 
true not only for the pears ripened immediately after picking, but 
also for those ripened after storage. 


Table 4. — Number of days required for Bartlett pears to show first evidence of 
breakdown when ripened at 2 2 ° - 2 4° C. 


Picking date (1927) 

Ripened 

imme- 

diately 

Ripened after being 
held in cold stor- 
age for- 

1 2 
month months 


Days 

Days 

Days 

Aug. 9 

24 

2f) 

IS 

Aug. 17 . - 

22 

IS 

13 

Aug. 2(5 _ . . . . .. 

19 

11 

9 

Sept. 12 . . 



(■) 


a Pours showed slight core breakdown when removed from cold storage. 


These results agree with the findings of Hartman ( 2 ), Diehl, 6 and 
others, who contend that core breakdown may not be a commercial 
factor if proper attention is paid to maturity at the time of harvest. 
Diehl 6 states that, in the Northwest, Bartlett pears picked at a 
pressure ranging from 20 to 16 pounds have given a product of good 
shipping character and acceptable quality when ripened, but if picked 
below 16 pounds there is danger of core breakdown. Evidence 
obtained in the present investigation confirms this observation. 

One of the physical factors which may play an important role in 
the relation between breakdown and maturity is wilting. High air 
humidity unquestionably retards wilting, but in these experiments, 
where all the lots were held under comparable conditions, the later 
picked fruit showed little or no wilting, while that picked early was 
found to show excessive wilting when ripened at 22°-24° C. 

RELATION OF ACETALDEHYDE TO BREAKDOWN 

In a previous paper ( 1 ) it was stated that acetaldehyde is a product 
of protoplasmic activity during the ripening period o{ Bartlett pears, 
and that comparatively large quantities of this substance are present 
whenever the pears exhibit scald or breakdown. In the present study 
the original conclusions have been confirmed so far as breakdown is 
concerned. In this investigation attention was directed to break- 
down only, for, as has already been stated, pears ripened immediately 
after removal from the tree do not normally develop scald, and it 

8 See footnote 3. 
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was considered important in this work to include aldehyde develop- 
ment in pears that had not been subjected to cold-storage conditions. 
Therefore, for the sake of strict interpretation, any pears subsequently 
developing scald were discarded. 

As shown in Table 1, pears analyzed immediately upon removal 
from the tree showed no trace of acetaldehyde in any of the pickings. 
However, after a period of two days in the ripening room, the tissues 
contained distinct quantities. From this time on there was an 
increase of aldehyde, reaching a maximum about the time breakdown 
was evident, as determined by browning of the cells. 

In Tables 2 and 3 analyses are given at the ends of 1 -month and 
2-month storage periods, respectively. It can be seen that during 
storage at 0° C. acetaldehyde accumulated in all lots. In the fourth 
picking the aldehyde content was distinctly greater than in the earlier 



Figure 1. — Progress of acetaldehyde accumulation in Bartlett pears ripened at 22°-24° C. imme- 
diately after picking. Fruit was analyzed at time of picking and at intervals during the ripening 
period. Curve A represents acetaldehyde content of fruit picked August 9; B, August 17; C, 
August 26; and D, September 12 

picked fruit. At the end of two months’ storage the late picked pears 
began to show evidences of breakdown, and In these pears the con- 
centration of aldehyde was high, even while they were in cold storage. 
In these cold-storage lots, as in the immediately ripened lots, alde- 
hyde accumulation took place within the tissues when the fruit was 
ripened at 22°-24° C. and reached comparatively high concentra- 
tions when breakdown occurred. 

A comparison of the aldehyde data of Tables 1,2, and 3 is shown 
graphically in Figures 1, 2, and 3, respectively. In each of the figures, 
curves A, B, C, and D represent the progress of acetaldehyde accumu- 
lation through the ripening period of pears picked August 9, August 
17, August 26, and September 12, respectively, from the time they 
lyere removed from the tree or from cold storage until complete break- 
ing (Iowa of the tissues occurred. The point at which breakdown was 
* evident is indicated on each curve Dy an encircled x. 
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Graphic illustrations are here presented of the relation existing 
between the concentration of acetaldehyde within the tissues of 
ripening pears and the occurrence of breakdown as influenced by the 
maturity of the fruit at the time of harvest. A striking feature of 
these curves is the acetaldehyde increment as influenced by the time 
of picking. In general, the later the fruit was picked the more rapid 
was the accumulation of acetaldehyde. This is especially true of the 
two later pickings as illustrated by curves C and D. In the earlier 
pickings, curves A and B, the aldehyde values tend to merge and 
overlap after the cold-storage periods. 

The longer period required for breakdown to appear in the early- 
picked pears, and the comparatively smaller amounts of acetaldehyde 
present in the tissues at the time of breakdown in these early picked 
lots, apparently carry some special significance. This condition 



August 20; and D, September 12 


exists mainly in the fruit ripened after being held in cold storage, but 
it is also found to a lesser degree in that ripened immediately after 
harvesting. It would seem, therefore, that, if acetaldehyde is a 
causative agent in the production of breakdown, the concentrations 
of this substance would be present in the tissues in equal amounts 
when breakdown occurred, regardless of any of the other attending 
factors. This, however, is not the case, and it is evident that some 
factor or group of factors must be responsible for the higher concentra- 
tions of aldehyde in the late picked pears. Two hypotheses are here 
suggested to account for this difference in behavior. First, as the pear 
matures on the tree, the mechanism responsible for the prodtiction of 
acetaldehyde is moreliighly developed than in immature fruit. There 
is evidence to show that acetaldehyde in apple tissues is the product 
of a zymase system (#), and such an enzyme system may occur in 
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pears. In fact, results obtained during the course of this and other 
investigations indicate that this is the case. If zymasic enzymes are 
produced or activated during ripening, the greater aldehyde concentra- 
tion in the late picked lots could thus be accounted for. 

The second hypothesis is based on the physical changes that occur 
in the tissue structures as maturity advances. In Table 1, 2, and 3 
it is noted that the early picked pears showed considerable wilting 
while in the ripening rooms. Certain differences in skin structure are 
probably of special importance in connection with this wilting. The 
development of corky cells in the lenticels and the accumulation of 
waxlike substances on the surface of the skin are no doubt responsible 
for the greater water-holding power of the late picked fruit. The 
immature or early picked pears, because of the lack of this skin devel- 
opment, gives up moisture more readily and in addition probably 



Figure 3.— Progress of acetaldehyde accumulation in Bartlett pears placed in cold storage at 0° O. 
immediately after picking, and held there for two mouths before being ripened at 22°-24° C. Fruit 
was analyzed immediately upon removal from cold storage and at intervals during the ripening 
period. Curve A represents acetaldehyde content of fruit picked August 9; B, August 17; C, 
August 26; and D, September 12 

offer less resistance to gaseous exchange. If is possible that the 
tissues of mature fruit, which are more capable of retaining moisture, 

E resent a better anaerobic environment for zymasic activity and 
ence have a greater aldehyde production. It is also possible that 
the immature fruit may allow the gaseous aldehyde to escape more 
readily because of the more permeable nature of their outer tissues. 

If there is an outward movement of acetaldehyde in immature 
pears the prevalence of scald in early picked fruit may be accounted 
for by the continued exposure of the skin cells to the escaping alde- 
hyde, or these tissues may be more susceptible to injury than the 
cells of the cortex. The fact that some fruits that do not show tissue 
browning contain e<jual or higher concentrations of aldehyde than 
others that do show injury may be the result of the ability of certain 
cells to resist the toxic effects of the aldehyde. It is possible that 
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exposure to slight concentrations for a time may develop a temporary 
immunity in certain tissues. 

These factors either separately or in combination may account for 
the variations that occur in the acetaldehyde content of the early 
picked and late picked pears. Possibly the greatest limitation in 
the interpretation of the production and fate of acetaldehyde is the 
lack of quantitative measurements of the aldehyde given off by the 
ripening pears to parallel the estimation of residual aldehyde present 
in the tissues. A study of this character should present a clearer 
conception of the relations existing between the above-mentioned 
factors and their influence upon acetaldehyde economy in pear tis- 
sues. Methods necessary to carry out this type of investigation are 
now being developed. 

LOSS OF ALDEHYDE IN BROWNED TISSUES 

It was previously reported (1) that after complete browning of the 
cells occurred, the concentration of acetaldehyde in the browned 
tissues showed a decided falling off, and it was concluded that the 
injured or dead cells were either incapable of producing acetaldehyde 
or unable to retain it. ^ 

This loss of aldehyde from the browned tissues was further demon- 
strated in the present study. Examination of the data shows a 
marked decrease of aldehyde following progressive injury and ap- 
parent death of the cells. The critical stage at which this loss of 
aldehyde becomes evident seems to vary with the maturity of the 
pears at the time of harvest. In the early picked lots, aldehyde 
began to decrease soon after the appearance of breakdown. How- 
ever, in the late picked pears, aldehyde production apparently did 
not cease until some time after breakdown was first observed, and 
during this period injury continued until complete breakdown of all 
the tissues occurred. 

CARBON DIOXIDE AND OXYGEN IN THE INTERCELLULAR 
ATMOSPHERE OF PEARS 

Since acetaldehyde production appears to be a product of the 
respiratory mechanism, a measure of other substances of like origin 
is desirable for a broader interpretation of the process. Plant 
physiologists have long used the output of carbon dioxide as an index 
of respiratory activity; in fact, some abnormal conditions existing 
in fruit, including pear breakdown, have been attributed to a killing 
of the cells as a result of an increased concentration of carbon dioxide 
or of an insufficient oxygen supply. 

The processes associated with the life of a cell are no doubt 
governed to a large extent by the gaseous medium surrounding it. 
Therefore, a measure of the carbon dioxide and oxygen in immediate 
contact with the tissues may be of more value in this study than 
the gross output. 

In Tables 1, 2, and 3 are to be found the percentages of carbon 
dioxide and oxygen present in the intercellular atmosphere of pears 
under the conditions described. In general, with the ripening of the 
pears at 22°-24° C., there occurred an increase of carbon dioxide 
which was accompanied by a decrease of oxygen. The initial per- 
centages of carbon dioxide in the early picked fruit were lower than 
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those in the later picked fruit, and the rate of accumulation was less 
rapid. This held true not only for the immediately ripened fruit, 
but also for pears ripened at 22°~24° C. after one and two months 
in cold storage. This is in agreement with the findings of Magness 
and Ballard ( 5 ) in their measurements of the carbon dioxide given 
off by Bartlett pears following both early and late picking. 

In comparing fruits picked on the same date, it was found that 
those held in cold storage before ripening at 22°-24° C. contained 
higher percentages of carbon dioxide and the rate of accumulation 
accelerated more rapidly than those placed at 22°~24° C. immedi- 
ately after harvesting. 

The highest percentage of carbon dioxide in a given lot of fruit was 
usually found in the tissues some time prior to the first appearance 
of core breakdown. This is in contrast with the aldehyde content, 
which was found to be highest at the time browning of the tissues 
occurred. This fact may be of importance in establishing a relation 
of carbon dioxide concentration within the tissues to the occurrence 
of breakdown, but, since the highest concentrations of carbon dioxide 
occur in advance of the appearance of breakdown, it is not likely that 
this is the active causal agent in producing breakdown in pears. 
Moreover, in Table 3, it will be noticed that the pears picked on 
September 12 showed slight breakdown when removed from storage. 
The acetaldehyde concentration of these fruits, analyzed immedi- 
ately upon removal, was comparatively high, whereas the carbon 
dioxide percentage was as low as that of the normal fruit of the 
-earlier pickings. These data, therefore, make it improbable that 
carbon dioxide alone is the direct agent responsible for the breaking 
down of the tissues. However, from the work of Thomas ( 8 ) it is 
known that the concentration of carbon dioxide in apple tissues exerts 
a decided influence upon the respiratory mechanism. He found that 
carbon dioxide in the presence of abundant oxygen may cause the 
respiration of apple cells to be changed to a zymasic or anaerobic 
type and that acetaldehyde is a product of this type of anaerobic 
respiration. 

Examination of the oxygen values indicates that no true carbon 
dioxide-oxygen ratio exists in the intercellular atmosphere as ripen- 
ing progresses. In some cases high percentages of oxygen can be 
found in the tissues, though the carbon dioxide in the ripe pears 
ranged from 20 to more than 30 per cent. This strongly indicates 
that the respiration of Bartlett pears may be in part intramolecular 
in nature. 

The evidence secured in this investigation indicates that the r61e 
of carbon dioxide and oxygen in the production of core breakdown in 
Bartlett pears is in the establishment of a critical environment 
necessary for the production of acetaldehyde. 

SUMMARY 

A study has been made of the acetaldehyde content of Bartlett 
pears, its relation to core breakdown as influenced by the time of 
harvesting, and the carbon dioxide and oxygen concentrations within 
the tissues. 

It was found that the length of the period elapsing from the time 
the pears were picked until core breakdown occurred depended upon 
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the maturity of the fruit when harvested. Pears picked at an ad- 
vanced stage of maturity broke down at a more rapid rate than the 
earlier picked fruit. 

No trace of acetaldehyde could be found in pears analyzed immedi- 
ately after removal from the tree, regardless of the stage of maturity. 
After two days in the ripening room at 22° 24° C. the tissues con- 
tained distinct quantities of aldehyde, and from this time on there 
was an increase, the highest concentration being reached about the 
time breakdown occurred. 

It has been demonstrated that acetaldehyde accumulation was 
more rapid in the late picked pears than in the early picked and less 
mature fruits. 

The initial percentages of carbon dioxide in the intercellular gases 
of the early picked fruit were lower than those in the late picked 
fruit, and the rate of accumulation was less rapid. The maximum 
carbon dioxide content of the intercellular gas was usually present 
some time before the first visible indication of breakdown. 

In general, with an increase of carbon dioxide there was a corre- 
sponding decrease of oxygen as the pears ripened. However, in some 
cases fairly high percentages of oxygen accompanied high percentages 
of carbon dioxide. This indicates that the respiration of Bartlett 
pears may be in part intramolecular, which is in agreement with 
suggestions made by Magness and Ballard ( 5 ). 

The results of this study indicate that the relation of carbon dioxide 
to the production of core breakdown in Bartlett pears is in the estab- 
lishment of optimum conditions for the production of acetaldehyde. 
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STARCHLIKE RADIATE CRYSTALS PRODUCED BY BAC- 
TERIUM MARGINATUM IN STARCH MEDIA 1 


By Lucia McCulloch 

Associate Pathologist , Office of Horticultural Crops and Diseases , Bureau of Plant 
Industry, United States Dipirtment of Agriculture 

INTRODUCTION 

Bacterium, marginatum L. McC. 2 is a plant pathogene rather widely 
distributed in the United States and Canada, and it has also been 
reported from Europe. It causes a destructive disease on both the 
foliage and the conns of gladioli. This organism when grown on 
potato-dextrose agar or other suitable media produces in great abun- 
dance beautiful sphcrocrystals (fig. 1) which become blue when treated 
with iodine solution. In most cultures the crystals are 15 to 35 p in 
diameter, but some of 140 p have been found. They are apparently 
composed of needlelike parts radiating from a central point. Often 
there are two centers, and a double form results. (Fig. 1, B.) When 
broken by pressure on the cover glass they split into irregular trian- 
gular and needlelike parts. 

In spite of the numerous radiating lines, the crystals are trans- 
parent. By polarized light they are faintly luminous, and the 
larger forms show a dark cross with the lines intersecting at right 
angles in the center. Some crystals show, in addition to the cross, 
several alternate light and dark concentric circles extending from near 
the (‘enter to the circumference, others have irregular or broken 
concentric light and dark markings, and still others show no trace of 
such markings. These concentric circles became invisible when a 
selenite plate was placed between the Nicols. Other crystals of normal 
appearance, but developed in a different medium, showed the dark 
cross less distinctly arid none of the concentric marking. With a 
selenite plate these crystals showed two yellow and two blue-violet 
sectors. Still other crystals examined by C. L. Alsbcrg, of the Food 
Research Institute at Stanford University, Calif., showed “a very 
faint cross” and with a selenite plate between the Nicols “an alternate 
blue and yellow concentric-circle arrangement.” 

Schardinger 3 4 discovered a thermophilic bacillus, B. macerans , 
which converted a considerable amount of the starch in a culture 
medium into a crystalline material which he first (1903) designated as 
“Krystallisierte Dextrine” and later (1909) as “Krystallisierte 
Amylodextrin.” Other workers have studied these substances, which 
are now generally known as crystalline amyloses. 

1 Received for publication Feb. 28, 1920: issued October, 1929. 

2 McCulloch, L. a leaf and corm disease of gladioli caused by bacterium marginatum. Jour. 
Agr. Research 29: 159-177, illus. 1924. 

3 Schardinger, F. Ubkr thkrmofhile bakterien aus verschiedenen spkisen und milch, sowie 

tlBER EINIOK UNSETZUNOSPRODUKTE DERSELBEN IN KOHLENH YDRATII ALTIGEN NAHRLOSUNGKN DARUNTER 

krystallisierte polysaccharide (dextrine) aus starke. Ztschr. Untersuch. Nahr. u. Oemissmtl. 
6: 874. 1908. 

4 UKBER DIE BILDUNG KRLSTALLISIERTER, FEHLINGSCHE LOSUNG NICHT RKDUZIERENDER KORPER 

(POLYSACCHARIDE) AUS STARKE DURCH MIKROBIELLE TATIGKEIT. [VORLAUFIGE MITT El LUNG AUS HER K. K. 
ALLGKMKINEN UNTERSUCHUNGSANSTALT Ft)R LEBKNSMITTEL IN WIEN.]. Ceiltbl. Rakt. [etC.| (II) 22; 

98-103, illus. 1909. 
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Figure 1 . —A, Spherocrystals and also several rectangular crystals of calcium oxalate and tufts of 
slender, flexible crystals (?). X 250. B, Spherocrystals. X 500 
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The crystalline substances produced by Bacillus macerans , as 
described by Schardinger, are in form unlike those produced by 
Bacterium marginatum. However, Schardinger seems to have made 
microscopic examinations of his material only after various processes 
of filtering, neutralizing, and evaporation, which may have changed 
the form of the crystals. The morphological and cultural characters 
of B. macerans as given by Schardinger are very unlike those of Bad. 
marginatum. 

Van de Sande-Bakhuyzen 4 5 pointed out that starch grains are built 
up of radiating needles. In a later paper 6 he demonstrated that 
under certain conditions spherocrystals are formed in an amylose 
solution which was obtained by grinding and then washing and 
centrifuging starch grains in cold water. The crystals so obtained are 
composed of several or numerous radiating needles. An alcoholic 
solution of iodine colors them brown to purple. 

By heating a 10 per cent starch paste and then cooling it slowly, 
Beijerinck 7 obtained a crystalline deposit consisting of line needles 
either isolated or in groups of various shapes. These he considered 
crystallized starch on account of their behavior toward diastase and 
chemi cal reagen ts . 

CULTURE MEDIA 

The crystals formed by Bacterium marginatum have been found only 
in culture media containing starch and a sugar or an alcohol. Potato 
agar with 2 per cent of dextrose 8 has been most commonly used, but 
a 2 per cent solution of pure starch in a synthetic solution has been 
successfully substituted for the potato broth. Saccharose, lactose, 
maltose, galactose, mannitol, and glycerol have each been successfully 
substituted for the dextrose. 

The crystals form in either solid or liquid media. In solid media 
they are found in the medium, not in the layer of bacterial growth. 
In liquid media most of the crystals are found in the thick, almost 
viscid surface growth. 

The crystals develop in the cultures during or just following an 
acid fermentation (without development of gas) and destruction of 
the sugar. Under favorable conditions the crystal formation, start- 
ing in the medium immediately adjoining the bacterial growth, 
proceeds into all parts. Crystals have been found in ‘Cultures on the 
third day after inoculation, and by the sixth or seventh day they are 
usually abundant in the upper half of the medium. They have been 
found in agar tubes 45 mm. below the bacterial growth and in plates 
70 mm. from the nearest colony. They are apparently equally 
numerous (500 to 800 to the square millimeter of agar) in all parts of 
the culture. In agar cultures the crystals retain their structure and 
characteristic reaction with iodine solution in old (some 5 years old) 
dry cultures. 

As the acid fermentation proceeds the slightly cloudy, opalescent 
potato-dextrose agar becomes more transparent. A cloudy luie (due 
to closely packed, tiny, irregular crystals) usually divides the trans- 

4 Van dk Sande-Bakhuyzen, H. L. the structure of starch grains of wheat grown under 

constant conditions. Soc. Expt. Biol, and Med. Proe. 23: 302-305. 1926. 

# crystallization of starch. Soc. Expt. Biol, and Med. Proc. 23: 506-507. 1926. 

7 Beijerinck, M. W. “crystallized starch.” K. Akad. Wetenscli. Amsterdam, Proc. Sec. Sci. 18: 
305-309, illus. 1916. 

8 Potato, 500 gin., sliced and steamed, in 1,000 c. c. distilled wa^er, strained; per cent agar added; 
steamed again, filtered; 2 per cent dextrose added; tubed, and sterilized by autoclaving. 
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parent fermented part from the un fermented, the line advancing as 
the fermentation proceeds. (Fig. 2, A and B.) The spherocrystals 
are abundant in the cleared, fermented area; they are occasionally 
found in or just beyond the cloudy line, but are entirely lacking in the 
unfermented part. Tests made with Fell ling’s solution at the close 
of the fermentation period show that all the sugar has disappeared, 
while the starch content seems unchanged. The tests for starch have 
been made in only a crude way by adding iodine solution and compar- 
ing with checks. In most cultures there seems to be no difFerence in 
the starch reaction between cultures and checks. In others there is 
apparently less starch in the cultures. More exact methods will be 
necessary to decide how much starch, if any, has been changed. 
If peptone is added to the culture medium the production of the 
crystals is apparently hindered, but not prevented, and the sugar is 
less completely destroyed. 

The exact conditions and media for the best production of these 
crystals have not yet been determined. The potato-dextrose agar is 
not always suitable. Sometimes there are variations in parallel 
cultures of the same strain of the bacteria grown on the same medium. 
One tube may have numerous crystals and others few or none. A 
few cultures have been observed with crystals in only certain areas. 
Sometimes an increased amount of sugar favored and at other times 
seemed to hinder crystal production. 

The natural pH value of the potato-dextrose medium varies from 
5.2 to 6.6. By adjustment, values from 4.8 4o 7.9 have been made. 
While the bacteria grew on all of these, the values from 5.2 to 6.6 
appeared most favorable. Regardless of the original pH of the 
medium, the first reaction to the bacterial growth is acid. The peak 
of the acid reaction is 4.2 to 4.4, after which there is a change toward 
the alkaline, sometimes reaching 8.4 

The best results up to the present both for numbers and size of the 
crystals were secured with a soft agar medium of pH 5.4 (potassium 
biphosphate, 0.2 gm.; asparagine, 1.5 gm. ; dextrose, 5 gm.; galactose, 
5 gm.; potato starch, 10 gm.; water, 500 c. c.; agar, 2.5 gm.). A 
liquid medium of pH 5.2 (potassium biphosphate, 0.2 gm.; potassium 
chloride, 0.05 gm.; magnesium sulphate, 0.05 gm.; calcium sulphate, 
0.01 gm.; asparagine, 3 gm.; dextrose, 20 gin.; corn starch, 20 gm.; 
trace of iron; water, 1,000 c. c.) induced a heavy surface growth of 
bacteria, and numerous crystals were present three weeks after 
inoculation. Three months later the crystals were comparatively 
scarce and irregular in shape but still reacted typically with iodine 
solution. Another agar of pH 6.6 (potassium nitrate, 0.04 gm.; 
dextrose, 4 gm.; soluble starch, 2 gm. ; agar, 2 gm.; water, 200 c. c.) 
was not favorable for the bacterial growth, but some of the starchlike 
crystals were produced. 

Cultures were grown at temperatures ranging from 25° to 30° C. 

It occasionally happens that, due to some unknown condition, the 
bacterial activity is limited in media supposed to be favorable. In 
such cases little or no fermentation occurs and no starchlike crystals 
develop; or some fermentation may occur without the formation of 
crystals. 

A rough type of colony that occasionally appears in plate cultures 
of the normally smooth-surfaced colonies of Bacterium marginatum 
also produces the starchlike crystals. 
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All of the 20 or more strains of Bacterium marginatum used in the 
experiments have produced these starchlike crystals, but some 
strains have more readily and regularly than others produced crystals 
of good size. Some strains which formerly produced the crystals 
now fail to do so. 

A number of other species of bacteria have been grown in parallel 
cultures with Bacterium marginatum , but none of them produced the 
type of crystal found so abundantly in the Bacterium marginatum 
cultures. 

TEMPERATURE AND CHEMICAL TESTS 

Because these crystals react like starch with iodine solution and are 
produced only in the presence of starch, it seems probable that they 
are some form of starch; but as no way has yet been found to separate 
the crystals from the agar of solid cultures or from the bacterial 
slime of liquid cultures, their exact chemical nature is unknown. In 
the following tests, agar containing typical crystals was crushed to a 
paste and the whole mass treated together. 

The crystals do not dissolve in cold water, but after several days in 
it they become very transparent and sometimes invisible until they 
are stained with iodine. In water at 90° to 100° C. they dissolve 
quickly, but they withstand water at 80° for at least one hour. 
Alcohol, both ethyl and amyl, 50 to 95 per cent, has no effect on them 
in three hours. There is no effect from ether, chloroform, acetone, 
saturated solution of sodium phosphate, acetic acid (1, 10, 50, and 
100 per cent), ammonia (concentrated), or 20 per cent picric acid. 
Alcohol (90 per cent) plus a small amount of sulphuric acid has no 
effect in two hours, but in 50 per cent sulphuric acid in alcohol the 
crystals fade away, without gas formation, in one minute or less. In 
iodine solution the crystals become pale blue to black, depending on 
the strength of the solution and also on the permeability of the 
surrounding media. Millon’s reagent, cold for 15 minutes, has no 
effect, but when heated slightly the crystals dissolve without any 
trace of color reaction. In 5 per cent sodium hydroxide the crystals 
dissolve. After 20 hours in hydrogen dioxide the crystals are cracked 
and larger. After 12 hours in a strong solution of chloral hydrate 
there is no visible change in the structure of the crystals. In a 5 per 
cent diastase solution, at 35° to 37° C., the crystals disappear in 
one and one-half hours or less. 

ASSOCIATED CRYSTALS 

While the starchlike crystal is the most interesting crystal formed 
in cultures of Bacterium marginatum , there are several other types. 
Most frequently seen are those of calcium oxalate (fig. 1, A), either as 
small granules or as large 8-sided forms up to 75 m in size. These 
occur not only in media suitable for starchlike crystals but also in 
beef agar, beef bouillon, plain potato broth, and 2 per cent peptone 
solution. 

In potato-dextrose agar cultures there are found some extremely 
long and slender hyaline forms which were at first supposed to be 
crystals. There is one record of some that polarized light. It is 
more likely that they are some sort of gummy substance. The 
diameter varies from 0.5 to 1.5 jx, usually uniform throughout the 
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whole length, which is 10 to 700 /*• In cross section they are not round, 
but square or rectangular, the side walls being definitely at right 
angles. The longer forms are very flexible. They will bend almost 
double but break over a sharp angle. Often a number of these slen- 
der forms seem to originate at a common center. - (Fig. 1, A.) Pres- 
sure on the cover glass usually causes them to flatten, some of them 
to 10 or more times their original width, and occasionally irregular 
enlargements form at the ends. Parallel close-lying threads some- 
times coalesce, and eventually with continued pressure these crys- 
tals (?) disappear, seeming to melt and leave no trace. No water or 
other mounting medium was used. In cultures 2 to 3 months old 
these crystals (?) were still flexible, but instead of flattening or dis- 
solving under pressure, they broke into short pieces. 

Besides the preceding types, other less characteristic crystals are 
found, mostly in old cultures. These are irregularly spherical forms 
resembling hailstones, frost crystals, and rough-branched coral. Hol- 
low brittle spheres 1 to 1.5 mm. in diameter occasionally appear in 
milk cultures. Their walls seem composed of minute crystals and 
some amorphous material. They do not dissolve in water or in 10 
per cent potassium hydroxide. Alcohol, chloroform, ether, ammonia, 
acetone, and xylol have no effect on them, but they dissolve in dilute 
acetic, hydrochloric, or sulphuric acid. 

SUMMARY 

This paper describes a starchlike crystal which forms in cultures 
of Bacterium marginatum when starch is a constituent of the medium. 
These spherocrystals, up to 140 fx in diameter, are produced in great 
numbers. They are composed of needlelike or threadlike parts 
radiating from the center. They become blue when treated with 
iodine solution, and by polarized light the larger crystals show dark 
cross marks. 

The chemical nature of these crystals has not been determined, 
because as yet no way has been found to separate them from the 
culture medium. 




INFLUENCE OF BACTERIOPHAGE ON BACTERIUM 
TUMEFACIENS, AND SOME POTENTIAL STUDIES OF 
FILTRATES ' 

Bv Nellie A. Hkown, Associate Pathologist , and Agnes ,). Quiiik, Senior Scientific 
Aid, Office of Horticultural Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

While making potentiometer studies of the juices of 50 different 
species of healthy plants as compared with the juices of tumors pro- 
duced on the plants by Bacterium- tumefaciens Sm. and Town., the 
junior writer was impressed by the frequent reversal of the relative 
magnitudes of the pH values in the various juices after they had 
oxidized from one to live days. It was observed that whereas the 
juice of the normal sugar beet immediately after crushing might be 
pH 5.9 and that of the crushed tumor 6.3, in two days the juice of the 
normal sugar beet would be 6.2 and that of the tumor 4.8. It occurred 
to her that this oxidized tumor juice might influence the organism 
producing the tumor and that by growing the organism in a suitable 
medium, along with the oxidized tumor juice which had reversed its 
pH relative to the pH of the normal juice, there might be obtained a 
culture that had lost its power to infect. 

Two cultures of Bacterium tumejaciem were accordingly exposed to 
different dilutions of the oxidized juice from crushed Ricinus tumors, 
and after the cultures had been incubated for a few days young 
Ricinus plants were inoculated with them. At the same time other 
Ricinus plants were inoculated with control cultures. Although 
neither treated culture became inactivated as was expected, one pro- 
duced more rapidly forming and larger tumors and the other more 
slowly forming and smaller tumors than the controls. Recognizing 
that something besides oxidation with accompanying pH change had 
entered into these results, and believing that it was the principle of 
bttcteriophagy, the junior writer began the work which developed into 
the joint investigation here reported. 

REVIEW OF LITERATURE 

The isolation from diseased plants of a lytic and inhibiting principle, 
called by DTlerelle (5) 2 the bacteriophage, has not been carried on 
so extensively by plant investigators as by animal research workers. 
The earliest plant investigators who succeeded in isolating lytic prin- 
ciples from nodules of leguminous plants, from roots and stems of 
legumes, and from garden and field soil were Gerretsen, Gryns, Sack, 
and Sohngen (2). Mallmann and Hemstreet (7) isolated an inhibit- 
ing substance from a rotted cabbage, but did not demonstrate actual 
lysis. Coons and Kotila ( 1 ) isolated from rotted carrot, river water, 

1 Received for publication Mar. 13, 1929; issued October, 1929. 

2 Reference is made by number (italic) to “Literature cited/’ p. 529. 
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and soil the bacteriophage which produced inhibition of growth of 
various bacteria when used in high dilutions and definite lysis when 
used in stronger concentrations. 

In Russia, Israilsky (Izrailskv) ( 5 , 6 ) demonstrated the bacterio- 
phage in plant tumors produced by Bacterium tumejaciens. From 
nine different isolations from tumors on sugar beets he succeeded in 
getting two strains which were dissolved bv the bacteriophage. In 
his later work ( 6 ) he studied the physical-chemical nature of the 
normal-plant and tumor juice along with that of Bad . tumejaciens in 
culture and concluded that the disappearance of Bad. tumejaciens 
from plant galls must be attributed to the action of a bacteriophage 
and not to the formation of acid in the galls. He also treated roots, 
stems, and seeds with the bacteriophage before inoculating them with 
Bad. tumejaciens and found that the bacteriophage reduced appre- 
ciably the percentage of infection. He stated, however, that a great 
many more experiments were necessary before the prophylactic action 
of the bacteriophage is unquestionably established. 

PRELIMINARY EXPERIMENTS 

In the preliminary plant inoculations made by the junior writer 
tumors of two distinct types were produced — one more rapidly 
growing and larger in size than the control tumors, and the other 
slow in appearing and smaller in size than the controls. The cultures 
were made as follows: 

Good-sized Ricinus tumors were crushed 'well and the juice was 
extracted and allowed to oxidize three days, in which time the pH 
changed from 5.G to 5.0. The juice was filtered through paper, 
and dilutions in beef bouillon of pH 7.0 were carried to about 1 : 1,400 
and 1 : 28,000. The tubes were seeded with a 24-hour-old culture of 
Bacterium tumejaciens (hop strain) and left to grow two days. From 
these dilutions transfers were made to potato-dextrose agar, and 
Ricinus plants were inoculated with them two days later. Other 
Ricinus plants of the same age were inoculated with a potato-dextrose 
agar control culture 2 days old. 

In 10 days the inoculations with the 1 : 1,400 dilution culture 
showed no indication of outgrowths, those with the control cultures 
had produced swellings 2 to 3 mm. in diameter, and those with the 
1 : 28,000 dilution culture had produced little tumors 5 to 6 mm. in 
diameter. In 19 days very tiny swellings were showing from the 
inoculations made with the 1 : 1,400 dilution (fig. 1, A), whereas the 
inoculations made with the 1:28,000 dilution (fig. 1, B) had pro- 
duced tumors twice as large as the controls, (fig. 1, C). 

This comparative rate of growth kept up for over a month, the 
differences being quite marked. In one and one-half months the 
rapidly growing tumors had reached their limit, 6 cm. in diameter. 
This was twice the size of the controls. The retarded tumors began 
to grow rapidly one month after inoculation, but in two months after 
inoculation the largest of them was only 1.5 cm. in diameter. Very 
little development took place after that. 

TECHNIC 

Filtrates of Ricinus tumors and of sugar-beet tumors produced 
with the hop strain of Bacterium tumejaciens were added to fresh 
beef-bouillon cultures of the hop strain, the 2, 10, and 30 drop method 
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Figure 1. —Accelerated and retarded tumors on Rloinus. Plants Inoculated January 21, 1927; 
photographed after 19 days. All natural size. A, Retarded and undersized tumors produced 
by Bacterium tumefaciens (hop strain) plus a low dilution of tumor Juice; B, accelerated and 
oversized tumors produced by Bad. tumefaciens plus a higher dilution of tumor juice; (\ nor- 
mal and regular-sized tumors produced by a control (normal) culture of Bad. tumefaciens 
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of D ’Hurdle (3) being used. These drop cultures were watched for 
inhibition and lysis. Several 30-drop cultures were usually made, 
one of which was used to make slant cultures and poured plates 
for the study of bacteriophage plaques. One of the 30-drop filtrate 
tubes had a little heavier seeding of the organism than the others, 
which received only a loop transfer from the young culture. The 
transfers to the beef bouillon were made from an 18 to 24 hour beef- 
bouillon culture faintly clouded or from an agar slant of the same 
age suspended in beef bouillon. The former was found more satis- 
factory, as the hop strain produces bacterial clumps, a feature not 
wanted in this type of work. Infusion-beef agar, pH 7.0 to 7.2, was 
found satisfactory for demonstrating the plaques on the plates. 
Beef-bouillon media of pH 6.5 to 8.3 were tried for demonstrating 
inhibition in the seeded filtrate cultures, but those of pH 6.7 to 6.9 
were found more satisfactory. Incubation was at temperatures of 
22° to 28° C. 

Plates were poured from the filtrates to test their sterility, and if 
they proved not to be sterile this fact was noted. 

When plates were poured from the seeded filtrate for the study of 
plaques, plates of the control cultures were also poured for com- 
parison. Slant cultures were often made from the 2 and 10 drop 
seeded filtrate cultures as well as from the 30-drop ones. To seed 
the slants and plates, drops of cultures were carried to them in 
sterile pipettes, although a sterile cotton swab was sometimes used 
for this purpose. The seeded poured plate was found the most 
satisfactory of all methods to demonstrate the plaques. 

Except in the case of the first experiment which demonstrated the 
acceleration and retardation of the growth of tumors, the juices were 
filtered. Chamberland L3 filters were used after the juice had first 
been put through filter paper or centrifuged. If one of the 30-drop 
seeded filtrate cultures showed inhibition or slight growth in 24 hours 
it was refiltered and the organism exposed again to the new filtrate. 
These passages of the organism with the filtrate through successive 
trials were carried along to increase the potency of the inhibiting 
substance present, in the hope that lysis would be attained. Some- 
times only one and at other times several filterings and seedings were 
made in eight hours. 

Dilutions of the tumor filtrates from 1:10 to 1:10,000,000,000 in 
tubes with beef bouillon seeded with the organism were also used for 
the study of inhibition and lysis. Control cultures were always held 
in the same racks for comparison. 

filtrates of normal Ricinus juice, of carrots rotted with Bacillus 
carotovorus f of normal carrots, and of sewage were also tested with 
the organism by both the drop and the high-dilution methods. 

The strains of Bacterium iumejaciens tested were hop, peach, and 
daisy. 

Plants of Ricinus communis (castor-oil plant) were used for the 
inoculations because they grow fast in the greenhouse and produce 
tumors quickly. The hop strain of Bacterium iumejaciens , which was 
used for most of the work, produces 100 per cent infection on Ricinus. 
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PHYSICAL-CHEMICAL ASPECTS OF THE FILTRATES 

The study of Bacterium, tumefaciens in culture and experiments on 
plants with chemical substances produced by Bad. tumefaciens , 
together with experiments limiting the intake of oxygen and so com- 
pelling the cells to manufacture the stimulus which leads to the 
development of hyperplasias, led Smith (9) to state that — 

All tumors, so far as they are due to parasites, must be assumed to be due to the 
chemical-physical action of the by-products of the metabolism of these parasites, 
just as most communicable diseases are due not to the parasites themselves, but 
to their toxins. * * * Diverse as are the tumors of plants due to parasites, 

I think that the fundamental chemical-physical phenomena underlying them are 
much alike, and that the differences we see, when these differences are not due 
wholly to varying tissue reactions, must result simply from variations in volume, 
and direction and continuity of the chemical-physical stimulus. 

Since these statements were published, much has been added to 
confirm Smith’s conclusions by the more direct pH, total-acid, and 
oxidation-potential measurements and dilution experiments on the 
juices of normal and tumor tissues. The striking facts revealed by 
these later studies are: (1) The pH of the freshly extracted juice of 
tumor tissue was always higher or the reaction more alkaline than 
that of the normal juice; (2) the titratable-acid content was greater 
in the tumor than in the normal juice; (3) the oxidation potential was 
always greater (more negative) in the freshly extracted tumor juice 
than in the normal juice— that is, the electrical charge carried by the 
gold electrode in the tumor juice was always negative (— ) to that in 
the normal juice; (4) the electrical charges (accompanied always by 
a change in pH) on the gold electrodes were exactly reversed in the 
normal and tumor-tissue juices upon further oxidation; and (5) the 
change in pH produced by the growth of the organism {Bacterium 
tumefaciens) in beef bouillon cultures and the change in pH produced 
by Bacillus carotovorus when inoculated into fresh carrots progressed 
in the same direction (increase) as the change of pH of the juice of 
the normal tissue on further oxidation, rather than in the direction 
(decrease) of the pH changes of the juice of the tumor tissue. 

The juices of the tumor are always more colloidal than the juices 
of normal tissue, as evidenced by the degree of filterability. The 
influencing factor is not precipitated by centrifugation and is active 
in high dilutions as an accelerator of Bacterium tumefaciens and in 
low dilutions as an inhibitory factor. 

Since the substance in the plant filtrates which in the presence of 
molecular oxygen are apparently associated with oxidation and reduc- 
tion phenomena causing changes in the pH and their oxidation poten- 
tials (with gold electrodes) behaved the same in all plants studied, and 
were consistently linked with the normal and tumor-tissue juices, it 
was thought that such potential determinations might give evidence 
when bacteriophage plaques could be expected on poured plates. 
That there was some justification fo«r this belief is brought out by a 
study of Table 1 and the poured-plate and plant-inoculation experi- 
ments given later. 
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Table 1 . — Titratable-acid , pH, and oxidation-potential measurements ° of different 
filtrates and the plaques on poured agar plates resulting from treating the cultures 
of Bacterium i tumefaciens (hop strain ) with them 


Freshly extracted filtrates and 
young cultures 


Oxidized fil- 
trates and old 
cultures 


Filtrates and cultures tested 


Ricinus with mature tumor: 

Tumor 

Normal __ 

Ricinus with rotted tumor: 

Tumor 

Normal 

Ricinus with dried tumor plus 
water: 

Tumor . ... 

Normal 

Sugar beet with mature tumor: 

Tumor 

Normal 

Sugar beet with older, mature 
tumor: 

Tumor . . . . 

N ormal 

Carrot: 

Normal, fresh and young. ... 

13-day-old normal, young 

Inoculated 70 days with Ba- 
cillus carotovorus. 
Bacterium tumefaciens: 

Plus juice of carrot infected 
with B. carotovorus; cul- 
ture 1 day old. 

Plus juice of carrot infected 
with B. carotovorus; cul- 
ture 4 days old. 

24-hour-old normal culture 
1 -month-old normal culture 


Initial 

pH 


5. 5 
5.4 


6.8 

5.4 


6.8 
5. 5 


f>. 2 
5.9 


0.8 

0.3 


N/l alkali 
required 
to increase | 
pH to 8.2 


C. c. 

22. 5 

16 


23. , 
18 


25 
ID. 5 


Oxidation 

potential 

differ- 

ences 


Mil limits 
125. 6 


125.0 


143.2 


C harge 
(plus or 
minus) 


Initial 

pH 


4.9 

6.8 


4 - ! 

I 

+ I 

+ ! 


7. I 

8 . 2 


6.8 

8.0 


5.0 

6.4 


5. 1 

6.8 


7. 1 
9. 6 


Charge 
(plus or 
minus) 


8. 2 L 


Plaques 


Present. 

Absent. 

Very few pre 
ent. 

Present . 

Do. 


Many preser 


Present. 

Absent. 


° The follow ingproced ure was suggested by S. F. Acree of the Bureau of Standards: Two batteries, 
consisting each of a saturated calomel electrode and a Hildebrand cell, were joined by a platinum wire, 
connecting the two calomel cells. Each Hildebrand cell contained a gold or a hydrogen electrode as desired . 
Usually 10 c. c. of the normal or tumor juice was used for each test. This equipment made it possible (1) 
to measure both the hydrogen-ion and the oxidation potentials against a standard calomel cell, or (2) to 
obtain directly the differences in these potentials shown by the normal and tumor extracts. The latter 
method was used generally with occasional checks of each sample against the calomel electrode with a 
type K Leeds & Northrup potentiometer. The estimation of potentials was made on expressed juice of 
normal and tumor tissue. The same volume of normal and tumor juice from the same plant was used 
for comparison in each exjieriment. The same environmental conditions as to temperature, gases, technic, 
etc., made the results more accurate as they are dependent on the simultaneous handling of both samples. 
h This culture was split and tested 4 days later, but no plates were poured on the fourth day. 


It is shown in Table 1 that the freshly extracted juice from Ricinus 
and sugar beet gave pH values of 5.4 to 6.3 and carried a positive ( + ) 
charge when compared to the juice of the tumor; the same juice 
oxidized from two to five days gave pH values progressing in the alka- 
line direction accompanied by a minus (— ) charge. The opposite 
relationship of values, both as to pH and to charge carried, to those 
of the normal juice was obtained on the freshly extracted and oxidized 
tumor juice. The freshly extracted juice of a mature tumor was more 
alkaline than the normal juice in its initial pH values and carried a 
minus (— ) charge, but upon oxidation for two to five days the pH 
values became distinctly' more acid with an accompanying change of 
electrical charge ( 4- ). Bacterium tumejaciens treated with this filtrate 
showed numerous plaques on the poured plates. In the case of the 
rotted tumor juice the pH value proceeded in an alkaline direction, and 
in that of the dried tumor juice plus water the value remained about 
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stationary. It is a striking fact that from the last two filtrates, where 
the pH progressed in the alkaline direction or remained stationary, 
few or no plaques were found on the poured plates. The total acid 
content was found to be greater in the freshly extracted tumor juice 
than in the normal juice; also a definite oxidatio ^potential value in 
favor of the freshly extracted tumor juice above that of the normal 
juice was registered. The reversal of pH ceased at about pH 5.1 to 
4.9 in the juices of the tumors from Ricinus and sugar beet. 

The freshly extracted juice of young carrots gave pH values of 6.8, 
whereas the same juice left standing 13 days gave pH 7.1. A Bac- 
terium tumefaciens culture treated with the fresh filtrate of normal 
carrot produced plaques. Juice of carrots 70 days after inoculation 
with Bacillus carotovorus gave pH 9.6. The pH direction taken by 
carrot inoculated with B. carotovorus is the same as that taken by 
Bad. tumefaciens in beef-infusion medium and that of the normal- 
carrot juice upon further oxidation. 

A freshly seeded Bacterium tumefaciens culture treated with the 
filtrate of carrots inoculated with Bacillus carotovorus gave a value of 
pH 7.1. With this filtrate the plaques on poured plates w T ere more 
numerous than with any of the other filtrates. This same culture held 
four days gave pH 6.6. Here again the pH is in the more acid 
direction when compared with the values of the juice from carrot 
inoculated with B. carotovorus (pH 9.6) and Bad. tumefaciens 
culture 1 day old (pH 6.7) or 1 month old (pH 8.2). At two 
different times a 24-hour culture of Bad. tumefaciens , pH 6.7, gave 
good plaques on poured plates. These were exceptions rather than 
the rule. For the range of growth of Bad. tumefaciens in beef-infusion 
medium an earlier paper (8) may be consulted. 

Three Ricinus plants were inoculated with each of the tenfold dilu- 
tion cultures when the cultures were two days old, and three other 
Ricinus plants were inoculated with a control culture of the same age. 
In nine days many of the little tumors resulting from the dilution 
inoculations were growing faster than the control tumors. In less than 
a month the tumors forming on 17 of the plants inoculated with the 
dilution culture were larger than the control-culture tumors, 8 were 
of the same size, and only 5 were slightly smaller. All of the sixth- 
dilution (1:1,000,000) inoculations produced smaller tumors than 
the controls, wdiile all the first, fifth, eighth, and two each of the 
seventh and tenth dilutions produced larger tumors. 

To determine whether inhibition might occur if larger quantities 
of the same filtrate were used in the bouillon, a series of dilutions was 
made with 9 parts of the filtrate to 1 part of beef bouillon. To a tube 
of 1 c. c. of beef bouillon 9 c. c. of filtrate was added, thus making a 
9:10 dilution. Ten dilutions were made as before, the last being 
9:1,000,000,000. Each was seeded with a loop of a 24-hour culture 
of the hop strain. Heavier growth than in the controls took place in 
24 hours in all cultures except the 9:10, which had none. A heavy 
pellicle formed in all except the 9:10. In 48 hours, however, this 
culture also had what appeared to be a trace of growth. Inoculations 
with these 11 cultures (including the control) were made the second 
day into each of three Ricinus plants. 

Practically the same relationship of acceleration of tumor growth 
and increased size of tumors over the controls was observed in the 
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9:10 series as in the 1 : 10 series. Inoculations with the first dilution, 
9:10, did not produce tumors. Table 2 gives the results of the 
inoculations with both series. 


Table 2. — Results of inoculating Ricinus plants with the hop strain grown two 
days with filtrates of Ricinus tumors in dilutions of 1:10 to 1 : 10,000,000,000 
arid 9:10 to 9:1,000,000,000, respectively 



Dilutions of 1:10 to 
1:10,000,000,000 

Dilutions of 9:10 to 
9:1,000,000,000 

Dilution and period between 
inoculation and examination 

Initial 

pH 

Diameter of tumors on — 


Diameter of tumors on— ■ 


Plant 
No. 1 

Plant 
No. 2 

Plant 
No. 3 

I ntlial 
pH 

Plant 
No. 1 

Plant 
No. 2 

Plant 
No. 3 

No. 1: 

9 days 

} 0.8 

Mm. 

/ 9-12 

Mm. 

9-12 

Mm. 

9-12 


Mm. 

J 0 

Mm. 

0 

Mm. 

0 

1 month 

t 20-30 

20-30 

20 30 

> o. 3 

l 0 

0 

0 

No. 2: 









9 days 

3 mouth.- 

} 7 -' 

/ 9-12 

1 30-40 

0 

13-20 

0 

9-12 

} 8.4 

/ 9-12 

1 20-30 

9-12 

20-30 

9 12* 
20-30 

No. 3: 









9 days 

} 0.8 

! 9-12 

9-12 

9-12 

} 7.0 

/ 9-12 

9-12 

0-8 

1 month 

[ 30-40 

13-20 

13-20 

\ 20-30 

20-30 

9-12 

No. 4: 








9 days 

} °- 7 

/ 9-12 

9-12 

9-12 

} 7.0 

/ 9-12 

0 

0 

1 month 

l 20-30 

13-20 

9-12 

\ 13-20 

13 20 

9-12 

No. 5: 



9 days. 

| 6.9 

! 9-12 

1 20-30 

9-12 

9-12 

1 7 1 

1 9-12 

9-12 

6-8 

1 month 

20-30 

20-30 

/ '- 1 

\ 20-30 

9-12 

9-12 

No. 6: 

9 days 

} 73 

/ 9-12 

4-5 

'4-5 

} 7,1 

/ 9-12 

0 

0 

1 month 

\ 9-12 

91 2 

9-12 

\ 9-12 

9-12 

9-12 

No. 7: 







9 days 

1 month ; 

J 0. 9 

/ 9-12 
l 20-30 

0 

20-30 

0 

13-20 

} 0.9 

/ 9-12 
l 9-12 

9-12 1 
9-12 

6-8 

20 30 

No. 8: ! 









9 days i 

1 month 

! } 0.7 

f 9-12 
l 20-30 

0 

20-30 

0 

20-30 

) 6.9 

/ 9-12 

1 20-30 

9-12 

20-30 

0 

9-12 

No. 9: 1 

1 







9 days 

;} 7 -«: 

/ 9-12 

0 

0 

} 7.1 

/ 9-12 

0 

6-8 

1 month . ... . 

\ 20-30 

13-20 

13-20 

\ 20-30 

20-30 

9-12 

6 

o 

£ 








9 days _ 

} 7 -° 

/ 9-12 

9-12 

9-12 

} 7.3 

/ 9-12 

0 

0 

1 month .. 

\ 30-40 

30-40 

13-20 

1 20-30 

20-30 

20-30 

Control: ° 









9 days 

) - 

7 4-5 

0 

0 

1 7 8 

/ 4-5 

0 

0 

l month 

1 13-20 

13-20 

i 

13-20 

J ' ,8 

1 13-20 

13-20 

13-20 


° Same control plants used for both dilution series. 


EFFECTS OF DIFFERENT TREATMENTS ON THE HOP STRAIN 

EFFECTS OF DILUTE FILTRATE OF RICINUS TUMORS ON PRODUCTION OF TUMOR 
Juice Filtered After 3-Day Oxidation 

Filtrates of Ricinus tumor which were found to be sterile by the 
poured-plate method after passing through Chamberland L3 filters 
were studies in dilution experiments. The juice had been exposed to 
the air for three days before it was filtered and its pH had changed 
from 5.5 to 4.9. A series of tubes containing 9 c. c. of infusion-beef 
bouillon, pH 6.9, was treated as follows: With a sterile pipette 1 c. c. 
of a filtrate of a Ricinus tumor was added to the first tube and mixed 
thoroughly by shaking. This gave a dilution of 1 : 10. With another 
sterile pipette 1 c. c. of this dilution was added to the next tube, 
making the second a 1:100 dilution. The method was repeated, 
each tube was shaken and a sterile pipette was used for each of the 
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10 tubes of the series until a dilution of 1 : 10,000,000,000 was reached. 
The dilutions were each seeded with a loop of a 24-hour bouillon cul- 
ture of the hop strain, for in a previous test a drop of the cul- 
ture had been found to be too heavy. 

In 18 to 24 hours growth was heavier than in the controls in all 
but the 1:10 dilution. In 2 days there was also growth in the 1:10 
dilution. 

Juice Filtered Immediately 

The dilution series 1:10,000,000,000 was repeated with two other 
filtrates (pH 5.8 and 5.5) from Ricinus tumors. As unoxidized 
juice was desired for this experiment, both sets were filtered, diluted 
in series, and seeded with the hop strain the same day the tumors were 
cut. No retardation of growth was observed in the tubes of either set 
except in the 1:10 dilutions, which lasted for only about 24 hours. 
Both sets were well clouded in 48 hours. The other nine dilutions 
showed greater growth than the controls in 24 hours. 

Two Ricinus plants were inoculated with each of the 10 dilutions of 
the second of the unoxidized sets. Two inoculations with control 
cultures were also made. The tumors grew more rapidly and develop- 
ed to greater size in the fifth, sixth, seventh, and eighth dilution 
inoculations than in the controls; the tumors in the ninth and tenth 
dilution inoculations were the same size as control tumors; while 
the tumors in the first, second, third, and fourth dilution inoculations 
within a little more than a month were slightly smaller than those of 
the controls. 

From these tests it appears that tumor juices filtered and used 
immediately and those oxidized several days before filtering and used 
in higli dilutions with the organism have power to produce more 
rapidly growing and larger tumors than the control cultures; they also 
have power to produce larger tumors than the controls when they 
are inoculated into susceptible plants. 

COMPARATIVE EFFECTS OF FILTRATES OF BACTERIUM TUMEFACIENS, NORMAL 
RICINUS PLANTS, AND NECROSED RICINUS TUMORS 

A 24-hour beef-bouillon flask culture of Bacterium tumefaciens was 
filtered, the filtrate was carried in tubes in dilutions from 1:10 to 
1:10,000,000,000, and each dilution was inoculated with Bad . tume- 
faciens (hop strain) to see how the organism would react with a 
culture filtrate of itself added. In 24 hours there was slight growth 
in the controls but no growth in any of the dilutions. In 48 hours, 
however, there was growth in all 10 dilutions, and in many of them 
it was heavier than in the controls. 

A filtrate of normal Ricinus plants and one of necrosed Ricinus 
tumors were; carried each in 10-dilution tubes in the same way, 1:10 
to 1: 10,000,000,000, and each dilution was inoculated with the hop 
strain for comparison with the culture-filtrate dilutions. In 24 hours 
no growth had occurred in these two sets. In 48 hours, however, 
there was heavier growth in some of the dilutions with filtrate of the 
normal Ricinus plant than there was in the controls. There was 
growth equal to the controls in the cultures with necrosed Ricinus 
tumor filtrate. The pellicles were not so heavy as in the controls in 
the 1:10 and 1:100 dilutions of the latter. 
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Inoculations into young Ricinus plants were made when the dilution 
cultures were 4 days old. The plants were a little younger than is 
desirable for inoculating and the growing tumors killed a few of them. 

Many of the culture-filtrate dilutions produced tumors more 
rapidly than the control cultures, the normal Ricinus filtrate cultures, 
or the necrosed tumor filtrate cultures. The tumors were also larger 
than those produced by the necrosed tumor filtrate inoculations, but 
were not very different in size from those of the normal Ricinus 
tumors. Table 3 gives details of this experiment. 

EFFECTS OF REPEATED FILTERINGS WITH DIFFERENT FILTRATES 
Filtrates op Old and Slightly Necrosed Ricinus Tumors 

The pH of the juice of 5-months-old Ricinus tumors was 6.8 
before filtering and 6.2 after filtering. The pH of the juice of healthy 
Ricinus plants of the same age was 5.4. 

Two, ten, and thirty drops of the 5-months-old tumor filtrate were 
added to fresh (hop strain) cultures in beef bouillon (pH 6.7). In 
24 hours the growth was slight in the drop cultures but equal to 
that in the controls. Bacteriophage plaques were present on the 
drop plates, however, in two days. Refilterings of the drop cultures 
were made, and the tests with tube cultures and poured plates were 
carried through the third passage. There was still no inhibition in 
the third passage, and no bacteriophage plaques occurred in the 
drop-filtrate or the control plates. 

Seven days later more of the 5-months-old Ricinus tumor juice 
was filtered, and Bacterium tumefaciens was exposed to it in the 
usual way. The filtrate had then changed from pH 6.8 to 7.1. A 
test with 2, 10, and 30 drops was made in the morning and another 
in the afternoon, using hop strain in beef bouillon (pH 6.7). In 
both sets growth of the organism was more rapid in the drop tubes 
than in the controls. No bacteriophage plaques were present on the 
drop-filtrate plates. The plates poured to test the sterility of the 
old tumor filtrate had contaminating but no Bad. tumefaciens colonies. 
To make a further test, the unused part of the 7-day-old tumor 
filtrate was filtered a second time. The filtrate was sterile, for no 
contaminating colonies appeared on the plates poured from it. The 
hop strain was again exposed to the old filtrate by the drop method 
to see if retardation would occur. There was none. 

Table 3 .—Results of inoculating Ricinus plants with Bacterium tumefaciens 
{hop strain ) grown four days in 1:10 to 1:10,000^000,000 dilutions of filtrates of 
Bacterium tumefaciens ( hop strain) of normal Ricinus plants, and of necrosed 
Ricinus tumors, respectively 


Dilution and period between 
inoculation and examina- 
tion 

Filtrate of beef-bouillon 
culture of hop strain 
(pH 6.7) 

Filtrate of normal Ric- 
inus plants (pH 5.4) 

Filtrate of necrosed Ric- 
inus tumors (pH 6.8) 

Initial 

pu 

Diameter of 
tumors on— 

Initial 

PH 

Diameter of 
tumors on— 

Initial 

pH 

Diameter of 
tumors on— 

riant 
No. 1 

Plant 
No. 2 

Plant 
No. 1 

Plant 
No. 2 

Plant 
No. I 

Plant 
No. 2 

X to 10: 


Mm. 

Mm. 


Mm. 

Mm. 


Mm. 

Mm. 

10 days 

l - 0 

[ 9-12 

9-12 

| 

| 6-8 

6-8 

1 

| 6.8 

6-8 

10 days 

\ 7.8 

\ 13-15 

13-15 

\ 7.7 

{ 9-12 

9-12 

l 7.5 

\ 13-15 

13-15 

2H months 

i 

l 35-45 

Dead. 

1 

l 18-28 

18-28 

I 

[ 15-18 

15-18 
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Table 3. — Results of inoculating Ricinus plants with Bacterium tumefaciens 
(hop strain) grown four days in 1:10 to 1 : 10,000 ,000,000 dilutions of filtrates of 
Bacterium tumefaciens ( hop strain) of normal Ricinus plants, and of necrosed 
Ricinus tumors, respectively — Continued 


Filtrate of beef-bouillon 
culture of hop strain 
(pH 6.7) 


Filtrate of normal Ric- 
inus plants (pH 6.4) 


Filtrate of necrosed Ric- 
inus tumors (pH 6.8) 


Dilution and i>eriod between 
inoculation and examina- 
tion. 


Initial 

pH 


Diameter of 
tumors on — 


Plant Plant I 
No. 1 No. 2 j 


Initial 

pH 


Diameter of 
tumors on— 


Plant Plant 
No. 1 No. 2 


Initial 

pH 


1 to 100: 

10 days 

10 days 

2 Yi months.. . 

1 to 1,000: 

10 days _ 

19 days 

2H months. _ 

1 to 10,000: 

10 days 

19 days 

2k months 

1 to 100,000: 

10 days . . .... 

19 days 

2 k months 

I to 1 ,000,000: 

10 days 

19 days . . . . . 

2k months. 

1 to 10,000,000: 

10 days 

19 days 

2 k months 

I to 100,000,000: 

10 days 

19 days 

2k months 

1 to 1,000,000,000: 

10 days 

19 days 

2 k months... . .... 
1 to 10,000,000,000: 

10 days 

19 days 

2k months ... 

Control:® 

10 days 

19 days 

2k months . 


Atm. 

I 9-12 
7.7 \ 13-15 
l 30-35 


Min. 
9-12 | 
13-15 \ 
Dead. 


7.5 


9-12 

13-15 

28-30 


9-12 

13-15 

15-18 


9-12 
7. 5 9-12 

35-45 


9-12 

9-12 

15-18 


7. 5 


9-12 

13-15 

35-45 


9-12 

9-12 

30-35 


I 9-12 9-12 | 

7.5 { 13-15 13-15 \ 

[ 30-35 30-35 ) 


7. 


9-12 

13-15 

35-45 


9-12 

13-15 


I 9-12 
7.5 { 9-12 
l 35-45 


9-12 ) 
9-12 


30-35 


( 9-12 
7. 5 l 9-12 

I 18-28 

( 9-12 
7.5 { 13-15 
1 15-18 


9-12 

9-12 

28-30 

9-12 

9-12 

15-18 


6-8 

7.3 9-12 

18-28 


6-8 

9-12 

18-28 


1 Min. 

I G-8 

7.7 \ 9-12 

l 35-45 

( 6-8 
7. 2 { 0-8 

{ 35-45 

j 6-8 

7.6 \ 9-12 
lj)5~45 

( 6-8 

7.8 \ 13-15 
l 35-45 

i 6-8 

7.7 \ 13-15 

l 18-28 

1 6-8 
7.7 • 9-12 

l 18-28 

I 6-8 

7. 6 { 9-12 
l 35-45 

( 6-8 

7.7 13-15 

l 18-28 

| 6-8 
7.7 | 13-15 

l 18-28 

f 6-8 
7.3 \ 9-12 
1 18-28 


Mm. 

6-8 

9-12 

18-28 


6-8 | 
6-8 } 
35-45 J 


6-8 I 

9-12 } 8.1 

18-28 J 
6-8 | 

9-12 \ 8.2 

18-28 ) 


6-8 } 

9-12 \ 8. 2 

18-28 ) 

6-8 ) 

9-12 - 7. 7 

18-28 J 


6-8 1 

9-12 \ 8.0 

35-45 j 


6-8 1 

13-15 \ 7. 4 

Dead.^ J 

9-12 1 7. 7 

18-28 J 

6-8 I 

9-12 \ 7.3 

18-28 J 


Diameter of 
tumors on - 


Plant 
No. 1 

Plant 
No. 2 

Aim. 

Aim. 

6-8 

6-8 

13-15 

13-15 

15-18 

15-18 

6-8 

6-8 

9-12 

9-12 

15-18 

Dead. 

6-8 

6-8 

1315 

9-12 

18-28 

18-28 

6-8 

6-8 

9-12 

6-8 

18-28 

15-18 

4-5 

4-5 

9-12 

9-12 

18-28 

18-28 

4-5 

4-5 

9-12 

9-12 

15-18 

15-18 

6 8 

6-8 

9- 12 

9-12 

18-28 

15-18 

6-8 

6-8 

9-12 

6-8 

18-28 

9-12 

6-8 

6-8 

9-12 

9-12 

18-28 

15-18 

6-8 

6-8 

9-12 

9 12 

18-28 

18-28 


° Control culturo 4 days old. The same control plant was used for each dilution series. 


This time, as the filtrate was sterile, in 24 hours the growth in the 
filtrate tubes was equal to that in the controls but not greater. It 
duplicated that in the third-passage tests made when the filtrate 
was used immediately after the tumors were crushed. No bacterio- 
phage plaques appeared on the plates. The direction of the pH 
change of the filtrate of this particular Ricinus tumor was to the 
more alkaline side, which is contrary to that usually found in the 
younger tumors. 

Filtrates of Old Dry Ricinus Tumors 

It was thought that an active bacteriophage might have pre- 
vented necrosis in the old Ricinus tumors, for even when 6 to 7 
months old they were still sound, although more or less dry. Fifty 
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tumors were ground up, and the juice was extracted and filtered. 
The hop strain was exposed to 2, 10, and 30 drops of this filtrate, 
and still other tests were made with the dry tumors. Some of the 
mashings were left in extract and infusion-beef bouillon for 5 and 
24 hours, respectively. Each solution was filtered, and the hop 
strain wa3 again exposed to 2, 10, and 30 drops of the different filtrates. 

None of the filtrates of the dry tumor showed inhibition, and the 
bacteriophage plaques on the plates accompanying each test were 
very few and small or there were none at all. In each test there 
was refiltering with accompanying exposure of the hop strain, but 
still no inhibition or acceleration of growth as compared to that of 
the controls was noted. 

Filtrates of Sugar-Beet tumors 

Tumors on the sugar beet were produced with the hop strain of 
Bacterium tumejaciens. They were crushed, the juice was filtered 
and 2, 10, and 30 drops of the filtrate were added to fresh beef-bouillon 
transfers of Bad . tumejaciens. Growth in the 2 and 10 drop cultures 
in 24 hours was heavier than in the control, while that in the 30- 
drop culture was retarded. In order to speed up the potency of the 
inhibiting factor, one of the 30-drop cultures was filtered and 2, 10, 
and 30 drops of this were added to a fresh beef-bouillon culture of 
Bad. tumejaciens. These filterings were carried through five passages, 
and while plaques appeared on the agar plates and slants, indicating 
the presence of the bacteriophage, the inhibition in the cultures 
lasted only 2 to 3 days. Hardened agar plates streaked with cultures 
made from several of the refiltered and inoculated cultures also 
showed the bacteriophage plaques. 

Some of the plaques were transferred to fresh beef-bouillon cul- 
tures of Bacterium tumejaciens , but no difference was noted between 
the plaque- containing culture and the controls. The bacteriophage 
did not seem to be potent enough to cause lysis or even to retard 
cultures. 

Ricinus plants were inoculated with the 10-drop and with one of 
the two 30-drop cultures of the original filtrate and organism. These 
inoculations produced tumors somewhat more rapidly than the con- 
trols and for about three weeks they were larger. In one month, 
however, the tumors in the controls equaled them in size. 

A filtrate of other sugar-beet tumors (hop strain), oxidized for 
12 days, in which the pH had changed from 6.2 to 5.0, was also used 
with Bacterium tumejaciens. Ten drops of the filtrate added to a 
transfer from a 24-hour culture of the hop strain produced a culture 
that had an unusual appearance. In the 10 days that it was under 
observation no pellicle formed, but there was a heavy precipitate 
in the bottom of the tube. The precipitate was not viscid as 
such precipitates usually are, and there was a heavy suspension of 
growth throughout the culture. Inoculations into Ricinus plants 
were made with the culture when it was 10 days old. The inhibiting 
factor evidently was present, for none of the Ricinus plants inoculated 
showed any outgrowths until after 5 weeks: then tumors appeared 
and developed very slowly. In 2 months they were only 1 cm. in 
diameter, while the control tumors were 4 cm. in diameter. 
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SEWAGE FILTRATE 

A sewage filtrate was also used in the 2, 10, and 30 drop method 
with the hop strain. There were many refilterings, and the filtrate 
was added each time to a freshly seeded beef-bouillon culture. 
Retardation of growth did not occur until the third passage, and it 
did not last 48 hours. Filterings were continued with the use of one 
of the bacteriophage plaques from the third-passage plates in culture 
with the organism. The passages which followed produced more of 
the bacteriophage plaques on plates and slants, but retardation in the 
tube cultures was about the same. In the fifth passage of the plaque 
filterings growth was more rapid in the tube cultures than in the 
controls, and the plaques on the plates practically disappeared. 

To ascertain whether this acceleration of growth in the tubes 
could be demonstrated in tumors on plants, Ricinus plants were inoc- 
ulated with the 10 and 30 drop cultures. At the same time other 
Ricinus plants of the same age were inoculated with control cultures, 
and still others with 10 and 30 drops of sugar-beet tumor filtrate 
grown with the hop strain. In a week the sewage-filtrate hop inoc- 
ulations showed well-defined outgrowths 4 mm. in diameter, the beet- 
filtrate hop inoculations showed good *swellings though smaller, 
while the control-culture inoculations showed mere surface swellings. 
These differences continued for nearly three weeks, but in four weeks 
the control and the beet-filtrate tumors had nearly reached the size of 
the sewage-filtrate tumors. 

EFFECTS ON THE DAISY STRAIN OF REPEATED FILTERINGS WITH 
FILTRATES OF SUGAR-BEET TUMORS 

The attempt to isolate an inhibitory substance from filtrates of 
sugar-beet tumor was continued with these filtrates in company 
with the daisy strain of Bacterium tumejaciens. A feature of this 
strain is that it does not grow so rapidly on beef agar and in beef 
bouillon as does the hop strain. 

In the first two passages of the sugar-beet tumor filtrate and the 
daisy strain there was greater growth than in the controls, and no 
bacteriophage plaques appeared on the plates. Slight inhibition 
began in the third passage. 

Marked inhibition of growth in the 2, 10, 30, and 60 drop filtrate 
tubes inoculated with the daisy strain occurred, and bacteriophage 
plaques appeared on the plates of the fourth passage. A plaque from 
one of these plates was transferred to a slightly clouded beef-bouillon 
culture of daisy strain, incubated, filtered, and further passages made 
with the daisy strain, sometimes two and three and at other times only 
one in eight hours. This was continued through 24 passages. The 
activity of this filtrate embracing the bacteriophage plaque was 
marked beginning with the second passage, for there was inhibition 
of growth in the tube cultures, and plaques appeared on the plates 
from the second through the eighteenth passage. At this stage an 
older agar suspension was used instead of the usual 18 to 24 hour 
culture. With this older culture the activity of the bacteriophage 
seemingly was submerged, for no plaques appeared on the plates from 
the nineteenth to the twenty-fourth passage, when the experiment 
was discontinued. Neither was there a trace of inhibition of growth 
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in. the 2, 10, 30, and 60 drop cultures of the twentieth to the twenty- 
fourth passage, and only slight inhibition in the nineteenth. 

Partial lysis occurred in the tenth passage. Inhibition of growth 
continued up to the twelfth day in the 30-drop tube, then growth 
began, but there was only faint clouding with no formation of pellicle. 
Dead bacteria were in a precipitate at the bottom of the tube, and 
there was no motion in those alive in the suspended medium when 
examined in hanging drops. 

Ricinus plants were inoculated with a portion of the tenth-passage 
inhibited culture, and other Ricinus plants were inoculated with a 
control culture of the same age. Tumors appeared on the control 
plants, but none on those inoculated with the inhibited culture. 
Examination of plants was made as late as two and one-half months 
after the inoculations. 

The eleventh passage of the daisy strain with the sugar-beet tumor 
also showed inhibition in the 30-drop culture. Cowpeas were inoc- 
ulated with this culture after growth took place, but no tumors re- 
sulted. The control inoculations gave small tumors. 

Inhibition was not so marked in the twelfth to the eighteenth 
passages. 

Some of the inhibited tenth-passage culture was filtered and treated 
in a series of new passages with the daisy strain. Much was expected 
of this filtrate, but no trace of inhibition was shown in two passages. 
This may have been due to the fact that an older culture of daisy 
was used for the initial passages, as an 18 to 24 hour culture was not 
available. It is quite essential to use a 24-hour or less beef-bouillon or 
agar culture suspension in beef bouillon. 

EFFECTS OF FILTRATES OF ROTTED CARROTS ON THE HOP STRAIN 
OF BACTERIUM TUMEFACIENS AND OTHER ORGANISMS 

When Bacterium tumejaciens (hop strain) was exposed to rotted- 
carrot filtrate and carried through a number of refilterings, the 
inhibition was longer than when it was carried through successive 
refilterings with tumor filtrates. 

Sound carrots were inoculated with a pure culture of Bacillus 
carotovorus and kept in a moist chamber until a quantity of juice 
from the rotting roots had collected. This was filtered, and by 
means of poured plates it was found to be sterile. The filtrate was 
added to cultures of the following organisms to test their suscep- 
tibility to it: Bacterium tumejaciens (hop, peach, and daisy strains), 
Bacillus carotovorus , B. mycoides, B. coli, and B. phytophthorus . 
Loop transfers were made from a 24-hour beef-bouillon culture of all 
but B. mycoides , which had too heavy a growth in 24 hours, so a 
5-hour culture of it was used. Transfers were made to pH 7.4 beef 
bouillon, and 2, 10, and 30 drops and 2 c. c. of the filtrate were added 
to the cultures. The hop strain of Bad. tumejaciens exposed to the 
2 c. c. of filtrate was the only organism that showed inhibition. 
This inhibition lasted only three days. The effect of the filtrate 
continued, however, for the hop cultures did not produce pellicles, 
while the hop controls and the treated peach and daisy strains all 
had heavy pellicles. 

The effect of 30 drops and 2 c. c. of the carrot filtrate on Bacillus 
carotovorus , the organism that rotted the carrot, was to produce a 
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slightly heavier growth than the control in 24 hours instead of 
inhibiting it. 

Table 4 shows the effect of the carrot filtrate on the several organ- 
isms treated with it for 24 hours. In three days there was good 
growth in all the cultures that had shown slight growth except the 
hop strain. The hop strain then had slight growth in the 30-drop 
and 2 c. c. filtrate cultures as well as in the 2-drop and 10-drop ones. 

Table 4. — Effect of adding filtrate of carrots rotted with Bacillus carotovorus to 
cultures of seven different organisms 



| Growth 24 hours after adding- 

- 

Growth in 

Organism 

2 drops 

10 drops 

30 drops 

2 y. e. 

control 
culture 
after 24 
hours 

Bad, mum tumefaciens: 

Hop strain 

Slight 

! Slight 

Questionable. 

None 

G ood . 

Beach strain. 

Fair i 

i Fair . 

Slight 

Very slight... 

Do. 

Daisy strain 

Slight j 

. ..do... 

Good.... . . 

Questionable. 

Do. 

B. carotovorus 

Fair 

do . . . 

Heavier than 

Heavier than 

Heavy. 

B. inyeoides . 

Heavy.. 

Heavy . 

control. 

Fair 

control. 

Fair 

Do. 

B. coli 

1 do . 


* do 

! .do.. 

Do. 

B. phytophthorus . . _ 

do J 

.do.. 

do. ... 

i do . . .. ... 

Do. 


The experiment described above was repeated with the three strains 
of Bacterium, tumefaciens , more of the rotted-carrot filtrate being 
used. Beef-bouillon tubes, pH 7.4, were seeded with a loop of a 
24-hour culture of each organism, and because of the small quantity 
of the filtrate, only 2, 4, and 10 drops of it were added. 

The daisy and peach strains showed such slight inhibition after 
the third passage that they were discontinued. The hop strain, on 
the other hand, produced marked inhibition at once, and in 48 hours 
only the merest trace of growth was discernible in the 10-drop tube 
and a faint clouding in the 2 and 4 drop tubes, while the controls had 
heavy growth with pellicles. In four days the clouding in the 2, 4, 
and 10 drop tubes had disappeared, but two days later it returned, and 
a definite and continued growth followed. 

While it still showed inhibition, one of the cultures was used for 
rcfiltering and exposure again to pH 7.0 beef-bouillon cultures of the 
hop strain, and 2, 10, 15, 20, 25, and 30 drops of filtrate were added 
to the fresh hop cultures. There was inhibition of growth in all for 
four days. Although the inhibition seemed to be a case of lysis and 
there was no trace of growth in the first refiltering with exposure to 
the organism, 1 and 2 drops of one of the inhibited cultures were 
added to slightly clouded fresh cultures of the hop strain. If the 
bacteriophage was potent, it was thought that it would clear up the 
clouding in these tubes. This did not occur, for there was a heavier 
growth in them in 24 hours. Later the inhibited culture itself became 
clouded. 

The inhibition was more marked in the third passage than in the 
first and second, and freshly clouded cultures of hop strain were 
cleared by 10-drop and 1 c. c. additions of one of the inhibited cultures. 
The clearing, however, lasted for only three days, when clouding began. 

The inhibition of cultures occurred likewise in the sixth and seventh 
passages for a few days, and during this time clouded cultures were 
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treated with them to see whether lysis would occur. In the sixth 
passage this clearing did not take place, but further growth was 
stopped for 3 days. In the seventh-passage tests there was a clearing 
in the two cultures under observation which lasted 1 and 2 days, but 
typical Bacterium tumejaciens growth began on the third and fourth 
days. The seventh-passage inhibited cultures were used against more 
clouded hop-strain cultures, and the clearing, followed later by cloud- 
ing, was repeated. No lysis occurred throughout the series. 

As the seventh-passage inhibited cultures were used up in testing 
their ability to produce lysis in the clouded cultures, a third experi- 
ment was started with a fresh lot of rotted-carrot juice which had 
been filtered several times. The pH of the juice was 9.6 after 
filtering. 

Along with this series of passages of rotted-carrot filtrate and the 
organism, filtered juice of healthy normal carrot exposed to the hop 
strain of Bacterium tumejaciens was tested also. The passages with 
the two filtrates were carried with the hop strain only, and 1-day-old 
beef-bouillon cultures were used for seeding pH 6.7 beef-bouillon 
tubes to which the filtrates were added. 

In the third passage of the rotted-carrot filtrate there was inhibition 
for 13 days and in the fourth passage for 20 days. The increase in 
inhibition did not continue, for it dropped to 6 days in the fifth passage, 
increased to 7 days in the sixth, and fell back to *6 days in the seventh, 
when the passages were discontinued. 

The inhibition in the normal-carrot filtrate exposed to the hop 
strain was four days at the third passage but dropped back to two 
days in the fourth and fifth passages. 

BACTERIOPHAGE PLAQUES 

The bacteriophage plaques on beef-agar slants and plates were 
studied more extensively in the third experiment with the rotted-carrot 
filtrate. The plaques appeared on the normal-carrot filtrate plates 
and slants (fig. 2, A) exposed to the hop strain as well as on slants 
and plates poured from the rotted-carrot filtrate (fig. 3, A; fig. 4, A, 
C, D, E, F) exposed to the hop strain, although they were not so 
numerous or so well defined. In addition to these, definite bacterio- 
phage plaques occurred on the control plates (fig. 2, B; fig. 3, B; 
fig. 4, B), a thing that had not occurred before in the work. Table 5 
gives some of the details of the third experiment with the rotted- 
carrot filtrate. 

The control plates and slants showed plaques only when they were 
made from cultures weakened by frequent transfers and grown in a 
medium not too favorable. Figure 4, C, illustrates an agar-slant 
control culture which showed no plaques, while the agar slants of the 
rotted-carrot filtrate, third passage with Bacterium tumejaciens , 
seeded in the same way (fig. 4, E and F) showed many. 
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Figure 2.— Bacteriophage plaques on beef-agar plates: A, Sixth passage of Bacterium tumefaciens 
(hop strain) with filtrate of normal carrot; B, control, showing plaques less numerous but 
more striking than in A 


520 


Journal of Agricultural Research 


Vol. 39, No 7 



Figure 3 -—Bacteriophage plaques on beef-agar plates with same amount of seeding: A, Fourth 
passage of Bacterium tumefaciens (hop strain) with filtrate of carrot rotted with Bacillus caroU 
ovorut' B, control plate of Bad. tumefaciens (hop strain), showing plaques also but not so numer- 
ous as In A 
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Figure 4. — Bacteriophage plaques of Bacterium tumefaciens (hop strain) on beef-agar 
plates and in tubes. A, Sixth passage of the organism with filtrate of rotted carrot. 
Note the presence of many plaques; B, Control. Note the x>resence of a few plaques; 
A and B received the same amount of seeding; C, Control culture seeded with two 
drops of a 24-hour beef-bouillon culture (plaques absent); D, Third passage of the 
organism with rotted-carrot filtrate swabbed on slant agar (tiny plaques present); 
E and F, Seeded with 2 drops of the third passage of'the organism with the rotted- 
carrot filtrate (tiny plaques present) 
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Table 5. — Effect of filtrates of rotted and normal carrots on Bacterium tumcfaciens 
( hop strain) and the resulting bacteriophage plaques 



Filtrate of rotted carrot added 

Filtrate of normal carrot Juice 

Control culture in pH 6.7 



to culture 

added to culture 

beef bouillon 


pH of fil- 



pH of fll- 






trate 



trate 





Passage 

before 

adding 

Inhibi- 

Bacterio- 

before 
adding 
to culture 
(pH 6.8 
before 

Inhibi- 

Bacterio- 


Bacterio- 


to culture, 
(pH 9.6 
before 

tion 

phage 

plaques 

tion 

phage 

Growth 

phage 


(days) 

(days) 

plaques 


plaques 


passage 



passage 






with 



with 






culture) 



culture) 





First . 

7.0 

3 

Few 

7.1 

1 

Few 

Good in 24 

None. 






hours. 

Second 

7. 1 

4 

_ - . do . 

6.6 

2 

- ..do 

-,.do 

Do. 

Third.. 

6.8 

18 

More than 

6.7 

4 

---do 

--.do 

Few. 




with 

second 







i 


passage. 






Fourth 

; 0.7 1 

20 

Abundant 

6.7 

2 

Abundant 

.do 

Moderate 








i 

number; 25 
on some 
plates. 

Fifth 

® 7.8 

6 

---do 

6.0 

2 

None 

..do ! 

Few and in- 







1 

I 

conspicu- 

ous. 

Sixth 

6.2 

7 

...do 

6.2 

(") 

Many 

(«) 

12 to 15 




large ones 
on plates. 






Seventh 

6.7 

6 

Many, 
but not 


C) 


(">~ 

Some, but 
not classic 







classic 

type. 


; 



type. 


a Portion of filtrate stood open three days before reading was made, 
ft Notes not taken for four days; good growth then. 
c Notes not taken for four days; heavy clouding then. 


The plaques were tested in beef-bouillon cultures to see if they 
could produce lysis. Pieces of several of the fourth-passage plaques 
were cut out of the agar plates of the rotted and normal filtrates con- 
taining the organism and the control plates and were added to slightly 
clouded beef-bouillon cultures. The beef-bouillon did not clear, but 
there was no additional growth for two days, showing that the plaques 
had some inhibitive power. A definite clouding began on the third 
day or a little before that time in some cultures. 

Sterile coyer glasses were dropped on plaques on agar plates, 
removed, stained with carbol fuchsin,and studied under the microscope. 
The plaque picture was reproduced on the cover glass, for the tiny 
bacterial colonies outlining che plaques stained well. These colonies 
were made up mostly of swollen forms, very short rods appearing as 
coccus forms, and some normal-sized bacteria also, but the greater 
number of the normal ones were back from the margin of the plaque. 
A few bacteria in the center of the plaques appeared as tiny rods. 
These may have been drawn into the center by the removal of the 
cover glass from the top of agar plates, or they may have been there 
all the time. It is possible that they were bacteria inhibited but not 
destroyed by the bacteriophage. Among the swollen bacteria there 
were tiny particles which perhaps were the remains of swollen forms 
that had burst. 
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TESTS WITH INHIBITED CULTURES 

Although the cultures of the fourth passage showed inhibition and 
it was thought that there was a condition of lysis, hanging drops from 
them were examined under the microscope 10 days after the cultures 
were made. Very few bacteria were located, but* those found were 
typical rod-shaped forms of Bacterium tumefaciens without move- 
ment. 

To study the phenomenon further, 10 drops of one of the inhibited 
cultures were added to slightly clouded beef-bouillon tubes. The 
clouding cleared somewhat in 1 day, but in 2 days definite Bacterium 
tumefaciens growth began and made slow but good development. 
Three days after these cultures were made the original fourth-passage 
cultures began to cloud, showing that there was no longer inhibition. 
The inhibition had lasted 20 days. 

INOCULATIONS WITH INHIBITED CULTURES 

The cultures inhibited 7, 13, and 20 days never developed typical 
Bacterium tumefaciens growth after growth began, but transfers from 
them to beef bouillon, pH 7.0, did. The clouding in the former was 
not heavy, no pellicle formed, and flmre^Was a precipitate of a less 
viscid consistency than usual at the bottom of the tube. 

Ricinus plants were inoculated with the 7, 13, and 20 day inhibited 
cultures after growth took place in them, and also with control cul- 
tures of Bacterium tumefaciens made at the same time. These cul- 
tures of the sixth, third, and fourth passages, respectively, were the 
ones that demonstrated the bacteriophage plaques so well. 

Power to infect was lost with the third passage, in which inhibition 
lasted 13 days, for no tumors formed (fig. 5 A), although the control 
cultures produced full-sized tumors (fig. 5, B). 

Inoculations with the fourth passage, in which inhibition continued 
for 20 days, showed that some bacteria were still infectious, for tumors 
were produced. There was marked retardation in their development, 
however, for in 15 days 2 inoculations out of 5 did not show any 
developing outgrowth , the other three showed mere traces or swellings, 
while the 3 control culture tumors were 1.75 to 2 cm. in diameter. 
After nearly 3 months one inoculation was still negative; 2 of the 
tumors were only 2 cm. and 2 were 5 cm. in diameter (fig. 5, C), 
while the control tumors had reached their full size (5 cm.) in less 
than 2 months and before 3 months were necrosing. (Fig. 5, D.) 

Inoculations with the sixth passage where there was inhibition for 
7 days also showed a retardation of tumor formation and the 
presence of some infectious bacteria, as in the fourth passage. In one 
month two tumors of the sixth-passage inoculations were only 4 mm., 
while one was 12 mm., in diameter. The controls were 2 to 2.5 cm. 
in diameter. One inoculation was negative, and at the end of three 
months it continued negative. The smallest tumor was 12 mm., and 
the largest were 2 and 4 cm. (Fig. 5, E.) The control tumors at 
the same time were all 5 cm. in diameter. (Fig. 5, F.) 

As the plants used for the 7, 13, and 20 day inhibited-culture inocu- 
lations were of the same age, inoculated about the same time and 
grown under the same conditions, the difference in the time of ap- 
pearance of tumors produced by these cultures (or the nonappearance 



524 


Journal of Agricultural Research 


Vol. 39, No. 7 


of tumors) was striking, as was also the marked difference in the sizes 
of the tumors within a series, irrespective of the size of the controls. 
The bacteria inhibited for a time by the bacteriophage and later able 



Figure 5. — Negative, retarded, and control infections produced by inoculating special cultures 
of Bacterium tumefaciens (hop strain) and control cultures of same organism into Ricinus plants. 

All reduced nearly one-half. A, Inoculation with third passage of Bad. tumefaciens and rotted- 
carrot filtrate. Photographed three ^months after inoculating; no infection. B, Control culture of 
Bad. tumefaciens inoculated into Ricinus plants. Photographed three months after inoculating. 
Regular-sized galls produced. Compare with A. C, Inoculations with fourth passage of the 
organism and rotted-carrot filtrate. Photographed more than three months after inoculating. 
Two tumors undersized and one nearly normal size. (One negative not shown.) D, Control 
culture inoculated into Ricinus and photographed at tho same time as C. Tumor normal size. 
Compare with C. E, Inoculations with sixth passage of organism and rotted-carrot filtrate. 
Photographed three months after ino v eulating. Two tumors undersized and one nearly normal. 
(One negative not shown.) F, Control culture inoculated into Ricinus and photographed at the 
same time as E. Tumor normal size. Compare with E 

to overcome its action do not seem to retain their infectious ability 
to the same degree. A young normal culture of the hop strain of 
Bacterium tumefaciens inoculated into Ricinus gave 100 per cent 
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infection, the tumors varying but little in size when conditions were 
similar. The size of mature tumors produced by a normal culture of 
hop strain on Ricinus depended on the age of tne plants at the time 
of inoculation, the time of year inoculated, and the rapidity with 
which the plants were grown. The size at maturity may range from 
1.75 to 6 cm. Table 6 shows the results of the inoculations with the 
third, fourth, and sixth passage inhibited cultures after growth had 
taken place in the cultures. 

Table 6 . — Results of inoculating Ricinus plants with equal-aged inhibited and 
control cultures of Bacterium tumefaciens 


Description of culture 


Third passage of Bacterium 
tumefaciens with rotted 
carrot filtrate in which 
growth did not begin 
until after 13 days of in- 
hibition. 


Fourth passage in which 
growth was inhibited 20 
days. 


Sixth passage in which 
growth was inhibited 7 
days. 



Inoculation with inhibited eul- 

Inoculation with control 

Time after 

— 

turef 



cultures 


inoculation 

Plants 

inocu- 

Tumors 

pro- 

Diameter of 
of tumors 

Plants , 
inocu- 

Tumors 

pro- 

Diam- 
eter of 


la ted 

dueed 

latcd 

dueed 

tumors 


Number 

Nu mber 

(Mm.) 

Number 

Number 

Mm. 

1 month ...... 

4 

0 


3 

3 

20-25 

2 months 

4 

0 


3 

3 

35-40 

3 months 

4 

0 



3 

3 

45-50 

10 days . 

5 

0 

. *■ 

3 

3 

4-5 

15 days 

5 

3 

2 3... 

3 

3 

17 20 

24 days _ . 

5 

3 

3, 4 and 12 ; 

3 

3 

40-45 

1 month, 17 ! 

5 

° 3 

3, 20, and 25. 

3 

3 

50 

days. 






2 months, 23 

5 

4 

20 and 50. _ 

3 

3 

( h ) 

days. 






3 months. 15 

5 

4 | 

25 and 50. . . 

3 

3 

( e ) 

days. 







1 week 

4 

0 

3 i 


3 

0 


1 month 

4 

4 and 12 

3 

3 

20-25 

2 months, 4 

4 

3 ; 

0, 12, and 25. 

3 

3 

45-50 

days. | 






3 months ! 

i 

4 

3 ! 

12, 20, and 40. 

3 

3 

50 


* Also one starting to swell. 6 Beginning to necrose. r Badly necrosed. 

REPETITION OF D’HERELLE AND P EYRE’S EXPERIMENT IN 
WHICH THEY PRODUCED TUMORS BY A FILTERING FORM OF 
BACTERIUM TUMEFACIENS 

In 1927 D’Herelle and Peyre (4) published a report of some of their 
work with plant tumors produced by Bacterium tumefaciens. They 
believe that there are two kinds of colonies isolated from the tumor, 
one an ultrapure colony, nonparasitic, and another contaminated by 
the bacteriophage, which is the infectious colony. They believe also 
that the infection of the bacteria by the bacteriophage produces 
invisible forms of the bacteria, which they call protobacterial forms; 
and with the filtrate from plant tumors they have been able to obtain 
the return of the filtering protobacterial form to the normal bacterial 
form. Inasmuch as the microscopic examination of tumors does not 
show any bacteria, they suggest that the true parasite is the proto- 
bacterial form of the organism. These protobacterial forms they 
believe can act as virus filtrates and when inoculated into susceptible 
plants produce tumors. Their experiments with a filtrate from sugar- 
beet tumors induced by inoculating with Bacterium tumefaciens bore 
out this belief. Out of 20 sugar beets inoculated with the filtrate, 14 
produced tumors within 70 days, and platings from 6 of the tumors 
gave typical cultures of Bacterium tumefaciens. According to D'H6- 

74710 — 29 i 
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relief hypothesis, the relation of the bacteria parasitized by the bac- 
teriophage is a symbiotic one. This symbiosis has become stronger 
through continued passages through living hosts, and it is very 
difficult to break up, sometimes impossible with the methods now 
known. 

The writers carried out the same experiment using Ricinus tumors 
for filtering. As soon as the filtrate was obtained, it was inoculated 
into 40 Ricinus plants with a hypodermic needle. The plants were 
kept under observation for several months, but no tumor appeared. 
The experiment was made three times and with three different lots 
of tumors. Each time other Ricinus plants of the same age were 
inoculated with a culture of Bacterium tumefaciens and held as controls. 
These control cultures always produced sizable tumors. 

Poured plates of the three filtrates were made and studied for 
sterility. No colonies of Bacterium tumefaciens appeared. However, 
nine other colonies of several types were observed on the three sets, 
and, in the belief that these might be of value should there be a proto- 
bacterial form, they were transferred, cultured, and inoculated into 
Ricinus plants. No tumor arose from these vagrant colonies. In all 
probability they were air colonies that had no connection with the 
filtrates, and the filtrates themselves were free from Bacterium tume- 
faciens , as the hypodermic inoculations showed. 

In order to test further the presence of an infectious filtering form 
of Bacterium tumefaciens , flasks of beef bouillon, pH 7.0, were inocu- 
lated with the hop strain, left to grow for 3 days, and then filtered. 
Sixteen Ricinus plants were inoculated hypodermically with some of 
the filtrate, and other Ricinus plants of the same age were inoculated 
with a 3-day-old control culture of the hop strain. Plates wore 
poured from some of the filtrate to test its sterility. The plates 
were examined during a period of 11 days, but no colonies of Bad . 
tumefaciens appeared. The three colonies that came up on the plates 
were transferred, and inoculations into Ricinus were made with sub- 
cultures. The inoculations with both the sterile filtrate and the three 
suspicious colonies were kept under observation more than 2 months, 
but there was no trace of outgrowths. The control culture inocula- 
tions produced large tumors. 

Part of the sterile beef-bouillon filtrate was held in the laboratory 
to give an opportunity for the filtering bacterial form to develop if 
such form occurs. There was a clouding in the filtrate in four days, 
but it was not a typical Bacterium tumefaciens growth. However, 
inoculations into Ricinus plants were made with the clouded filtrate 
because of the possibility that the growth might be a filtering infec- 
tious form of Bad. tumefaciens as D’H^relle and Peyre assert. These 
inoculations were watched for two and one-half months, but no trace 
of tumor growth occurred. 

DISCUSSION 

The conditions required for obtaining a culture of Bacterium tume- 
aciens that will produce more quickly growing and larger tumors than 
the controls can be brought about readily by adding a highly diluted 
tumor filtrate to a young culture of the organism and letting it grow 
two to four days before inoculating with it. There is some evidence 
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that filtrates of normal-plant juices also have the ability to produce 
more rapidly growing and larger tumors than the controls, although 
this evidence is based on experiments with normal Ricinus and normal 
carrot filtrates only. 

A sewage filtrate combined with the organism produced faster 
growing and larger tumors than a filtrate of a sugar-beet tumor com- 
bined in the same way. The latter in turn produced more rapidly 
growing and larger tumors than the controls. A filtrate to which 
the organism was exposed as soon as possible after the tumor was 
crushed and filtered gave a culture which seemed to be nearly as 
effective in producing the rapid-growing and oversized tumors as a 
filtrate which had oxidized several days. 

It may be that the addition of the fresh filtrate cements the union 
of the bacteria and the bacteriophage more closely and a higher degree 
of virulence is temporarily established. 

No absolute lysis was produced in these experiments. It is quite 
possible, however, that the apple or rose strains of Bacterium tume- 
faciens might be cultured with some tumor filtrate and produce it. 
These two show evidence of being about the weakest strains of Bad. 
tumefaciens. This weakness, which manifests itself in producing 
tumors slowly when these strains are inoculated into susceptible 
plants, even into their native hosts, and the inability of these strains 
to produce tumors in some of the common plants easily grown in 
greenhouses, kept the writers from pursuing the development of lysis 
with the apple and rose strains through successive passages with a 
filtrate. The writers are assuming that the weakness of the strains 
is linked with the more facile separation of the bacteriophage from 
the organism. Very young cultures of the organism seemed to be 
necessary for the passages with the filtrates to produce inhibition. 
To obtain young cultures frequent transfers were required, which 
apparently nad a tendency to bring about an instability of the close 
union that had become established between the bacteriophage and 
the organism and that allowed a release of the bacteriophage. In 
this temporary release the bacteriophage could affect the organism 
by its own power to cause inhibition. This release is manifested also 
by means of the bacteriophage plaques on agar slants and plates, 
and if a high potency has been reached, by marked inhibition. No 
doubt a condition could be brought about where there would be 
complete lysis. The culture that was inhibited for 13 days did not 
produce tumors when inoculated into Ricinus plants, although it was 
not used for inoculations until a few days after growth appeared. 
The control cultures of the same age produced tumors. An inhibited 
culture of 20 days produced tumors, retarded in appearing, but 
nevertheless present. The organisms resistant to the bacteriophage 
in the latter case were evidently of an infectious nature, while in the 
former they were not. 

The bacteriophage plaques appearing on the plates poured from a 
pure culture of the hop strain of Bacterium tumefaciens as well as on 
those poured from filtrate Bad. tumefaciens cultures indicate that the 
lytic or inhibiting principle is carried along with the growth of the 
organisms irrespective of any active filtrate. The plaques from a 
pure culture were large and distinct but never so numerous as those 
on the filtrate-culture plates. 
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Sometimes there was a tumor-juice filtrate carried in passages with 
Bacterium tumefaciens which seemed not to activate the young cul- 
ture, and if there was no inhibition of the organism in the early pas- 
sages, it did not appear in a later passage. Whether the age of the 
tumor, the host of the tumor, or the rapid or slow rate at which the 
tumors had developed played a part in the presence and potency of 
the bacteriophage in the extracted juices was not fully determined. 
Frequently there was some evidence for thinking so. For instance, 
a sterile filtrate of old Ricinus tumors with necrosed areas gave no 
indication of inhibition when Bad. tumefaciens was exposed to it 
with three refilterings, nor at the beginning did it give evidence of 
producing acceleration of growth. The filtrates of very young tumors 
were not found satisfactory to work with. Whether this was because 
of the age or because the bacteriophage adhered to the more colloidal 
juice and did not pass through the filter is not known. It was found 
more difficult to filter the juice extracted from very young tumors. 
Those tumors not yet mature were found quite satisfactory and their 
filtrates could produce both inhibition and acceleration of growth 
when Bad. tumefaciens was exposed to them. 

SUMMARY 

The potentials of juices of normal and tumor tissue and Bacterium 
tumefaciens in culture revealed the following facts: (1) The pH of the 
freshly extracted juice of tumor tissue was always higher, that is, the 
reaction was more alkaline than that of the normal tissue; (2) the 
total acid content was greater in the tumor juice than in the normal 
juice; (3) the oxidation potential was always greater (more negative) 
in the freshly extracted tumor juice than in the normal juice — that is, 
the electrical charge carried by the gold electrodes in the fresh tumor 
juice was always negative ( — ) to that in the normal juice; (4) the 
electrical charges (accompanied always by a change in pH) on the 
gold electrodes were exactly reversed in the juices of the normal 
and tumor tissues upon further oxidation; (5) the change in pH pro- 
duced by the growth of the organisms Bad. tumefaciens in beef- 
bouillon culture and Bacillus carotovorus inoculated into fresh carrots, 
progressed in the same direction (pH increase) as the change of pH of 
the normal juice upon further oxidation rather than in the direction 
(pH decrease) of the pH changes of the tumor juices; (6) the presence 
of a bacteriophage was established. 

The presence or absence of plaques on poured plates appears to be 
correlated with the rise and fall of the pH of the plant filtrate or the 
pH of the culture of Bacterium tumefaciens treated with the filtrate. 
The pH value of the Bad. tumefaciens cultures which produced 
plaques when only 24 hours old was 6.7, and that of a normal Bad. 
tumefaciens culture 1 month old was 8.2. No plaques were present. 
A Bad. tumefaciens culture treated with a Bacillus carotovorus filtrate 
of pH 9.6 after 24 hours was pH 7.1 and after 4 days was pH 6.6, or 
slightly more acid than the fresh normal culture. This culture 
treated with B. carotovorus filtrate produced a greater number of 
plaques than Bad. tumefaciens cultures treated with other filtrates 
such as normal carrot, Ricinus tumor, or Bad. tumefaciens. 
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Accelerated growth of bacteria with increased pathogenicity seems 
to be associated with the phenomenon of bacteriophagy as well as 
does the retarded or inhibited growth of bacteria, causing either 
decreased or delayed pathogenicity or none at all. 

The accelerated growth of the bacteria and increased size of tumors 
as compared with those of the controls were induced by the addition 
of high dilutions of tumor filtrates to young cultures used later for 
the inoculations. There is some evidence that filtrates of normal 
plant juices likewise have the ability to produce larger and more 
rapidly growing tumors than the controls. Inhibition of the bacteria 
from 4 to 20 days was obtained by successive passages of the tumor 
filtrate and light suspensions of the bacteria through Chamberland 
L3 filters. Tumors of small size or none at all were obtained through 
inoculations with these inhibited cultures after growth took place in 
them. Slight dilutions of the tumor filtrate grown with the culture 
inhibited the growth of bacteria and retarded tumor development. 
Tumors produced by these inhibited cultures occasionally reached the 
size of the control tumors, after a long slow growth. Complete lysis, 
the dissolving of all the bacteria in a culture, did not take place in 
the course of the work, which continued more than a year. 

Bacteriophage plaques were obtained from the plant-tumor filtrates 
combined with Bacterium tumefaciens. The greatest number and 
largest ones, however, were obtained on beef-agar plates and slants 
from the rotted-carrot filtrate to which Bad. tumefaciens (hop 
strain) was exposed. 

Typical bacteriophage plaques were obtained also on beef-agar 
plates and slants from a pure culture of Bacterium tumefaciens , and 
also in plates poured from a normal-carrot filtrate combined with 
Bad. tumefaciens. These plaques were not so numerous as those on 
the rotted-carrot filtrate plates. 

DTI<$relle and Peyre assert that there exists a bacterial filtering 
form of Bacterium tumefaciens which is the infectious principle and 
which can be cultivated back to the nonfiltering form. Three repe- 
titions of their experiment with sterile filtrates of Bad. tumefaciens 
tumors and also one with a sterile filtrate of beef-bouillon cultures of 
the organism were carried out, but the results were negative. 
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NUTRITIVE VALUE OF PROTEINS IN CERTAIN KINDS 
OF SAUSAGE AND OTHER MEAT FOOD PRODUCTS 1 


By Ralph Hoag land, Senior Biochemist , and George G. Snider, Senior Scien- 
tific Aid, Biochemic Division , Bureau of Animal Industry , United States Depart- 
ment of Agriculture 

INTRODUCTION 

Sausage and other meat food products manufactured in whole or in 
part from chopped meat, meat by-products, and condiments occupy 
an important place in the dietary of* the American people. The 
estimated total production of sausage and sausage casings in the 
United States for the year 1925 was approximately 1,366,849,000 
pounds, exclusive of sausage manufactured by small retail butchers 
and provision dealers and by farmers. These figures, after correc- 
tion for exports and imports, indicate a per capita consumption of 
11.6 pounds per annum. 2 

Sausage and certain other meat food products are prepared chiefly 
from two groups of ingredients, viz, meat and meat by-products. 
The term “meat” 3 denotes the flesh of cattle, swine, sheep, and 
goats. The meat used in the manufacture of sausage consists chiefly 
of trimmings from the carcasses of swine and cattle, but it may also 
include certain cuts and even entire carcasses of these animals. The 
term “meat by-product” denotes edible organs and parts, other than 
meat, obtained from the carcasses of cattle, swine, sheep, and goats. 
Characteristic condiments are used in the preparation of each kind 
of sausage. Cereal, usually corn flour, may be added to the extent 
of 3.5 per cent to sausage manufactured in federally inspected estab- 
lishments provided the product is marked to indicate the presence of 
cereal. If products prepared in simulation of sausage contain sub- 
stances foreign to sausage, or excessive quantities of cereal or moisture, 
they must be branded “Imitation.” 

In a general way, each kind of sausage or other meat food product 
is prepared from a certain group of ingredients, but the kinds and 
proportions used may vary considerably in different establishments. 
Some manufacturers prepare more than one grade of the same product, 
using a different formula for each grade. Naturally th§ best grade is 
made from the choicest materials. 

There is much information in the literature concerning the chemical 
composition of sausage and other meat food products, but these data 
do not fully indicate the nutritive value of these products. Informa- 
tion concerning the vitamins in sausage and the biological value of 
sausage proteins is meager or lacking. The writers have already 
studied tne nutritive value of the proteins in a number of kinds of 


1 Received for publication Apr. 6, 1929; issued October, 1929. 

2 These figures have been calculated from data in reports of the Bureau of the Census and the Bureau of 
Foreign and Domestic Commerce, U. 8. Department of Commerce, 1925. 

3 United States Department of Agriculture, Office of the Secretary, meats and the principal 
meat products. U. S. Dept. Agr. Food lnsp. Decision 205, 3 p. 1926. 
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meat and meat by-products 4 used in the manufacture of sausage 
and have found considerable differences in the biological values of 
the proteins in certain of these products. It seemed likely, therefore, 
that material differences might be found in the nutritive values of 
the proteins in different kinds of sausage and other meat food products. 
The purpose of the experiments reported in this paper was to compare 
the nutritive values of the proteins in certain of the more common 
kinds of sausage and other meat food products. 

DESCRIPTION OF MEAT FOOD PRODUCTS TESTED 

The following meat food products were tested: Frankfurter-style 
sausage (two grades), Bologna-style sausage (two grades), pure pork 
sausage, fresh link sausage other than pure pork, Braunschweiger- 
style sausage, liver pudding or sausage, headcheese, scrapple, and 
meat loaf. For purposes of comparison, fresh pork ham and beef 
chuck were also tested. The above-named products were purchased 
direct from four meat-packing establishments operating under Federal 
inspection. 

Frankfurter-style sausage of the best quality is prepared from meat, 
usually a mixture of beef and pork trimmings and certain beef cuts, 
and seasoning. The meat is ground very fine, mixed with salt and 
spices, and stuffed in animal or artificial casings. The sausage is then 
smoked, cooked for a short time in hot water, and finally chilled. 
Cheaper grades of Frankfurter-style sausage are made from a mixture 
of meat, meat by-products, and seasoning. Cereal is frequently added 
to these grades of sausage. 

Bologna-style sausage is prepared from similar ingredients and in a 
like manner to Frankfurter-style sausage, except that the former is 
stuffed in larger casings or other containers and is cooked for a longer 
time. The cheaper grades of this product are made from much the 
same materials as those used for the same grades of Frankfurter-style 
sausage. Kosher Bologna-style sausage and kosher Frankfurter-style 
sausage contain no pork. 

Pure pork sausage is prepared exclusively from pork and seasoning. 
The pork usually consists of lean-pork trimmings, but certain lean- 
pork cuts arc used to a limited extent. The ground mixture is 
stuffed in animal casings or is packed in other containers. 

Fresh link sausage, not pure pork, is made from beef and pork 
trimmings and seasoning, with or without the admixture of meat by- 
products. Cereal is frequently added. 

Braunschweiger-style sausage is a higjh-grade liver sausage prepared 
from livers, pork trimmings, and seasoning. The product is thorough- 
ly cooked and then stuffed in large hog casings. 

Liver pudding or liver sausage is manufactured chiefly from meat 
by-products ana may contain a moderate proportion of meat. Cereal 
is frequently added to this product. Liver pudding is thoroughly 
cooked in the process of manufacture. 

4 Hoagland, K., and Snider, G. G.* nutritive value of the protein in veal and calf sweet- 
breads; IN BEEF CHEEK MEAT, LIPS, TONGUES, BRAINS, SPLEEN, AND TRIPE; AND INHOG BRAINS AND TONGUES. 
Jour. Agr. Research 32: 679-688. 1926. 

and Snider, G. G. nutritive value of the protein in voluntary muscle, heart, liver, 

and KIDNEY, from cattle, sheep, and hogs. Jour. Agr. Research 32: 1026-1040, illus. 1926. 

* and Snider, G. G. nutritive value of protein in beef extract, ox blood, ox palates, 

calf lungs, hog snouts, and cracklings. Jour. Agr. Research 33: 829-843, Ulus. 1926. 
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Headcheese is usually prepared from a variety of meat by-products 
from swine and cattle, together with seasoning. This product may 
contain a moderate proportion of meat. Pig tongues are a frequent 
constituent of headcheese. 

Scrapple is prepared chiefly from cereals, usually corn meal, buck- 
wheat flour, or a mixture of the two with a variety of meat by-prod- 
ucts, occasionally meat, and seasoning. The several ingredients are 
mixed with water, cooked to the desired consistence, and molded in 
pans. This product is sliced and fried before eating. 

Meat loaf is usually prepared from a mixture of beef, pork, cereal, 
and seasoning. Occasionally veal is used. The finely ground mixture 
is molded in pans and thoroughly cooked. Loaves, other than true 
meat loaves, are prepared from a mixture of meat, meat by-products, 
and cereal. 

METHODS 

The procedure followed in these experiments was essentially the 
same as that previously used by the writers in a study of the nutritive 
value of the proteins in various animal tissues. 5 The proteins in the 
several kinds of sausage and other meat food products were compared 
by feeding tests with young male albino' rats. Each ration was fed 
for GO days to G rats weighing approximately 40 gm. each and not 
exceeding 30 days in age at the beginning of the test. The rats fed 
each ration were selected from three litters. The animals were 
weighed twice weekly and an accurate record was kept of the feed 
consumed by each. 

Protein was fed at the 10 per cent level. Sufficient dried meat 
food product was used in each ration to furnish the desired proportion 
of protein and the rations were made adequate in other respects for 
normal growth. In addition to the meat food product, each ration 
contained the following constituents: Ash mixture, 4 per cent; cod- 
liver oil, 2 per cent; concentrated yeast extract, 2 per cent; hydrogen- 
ated cottonseed oil, 8 per cent; and sufficient cassava starch to 
make 100 per cent. The starch was practically free from nitrogen, 
but the yeast extract contained approximately 8 per cent nitrogen. 

The meat food products were first separated from their containers, 
ground fine, and dried in a current of warm air. The. dried products 
were ground, thoroughly extracted with ether, and analyzed for 
nitrogen. 

RESULTS OF EXPERIMENTS 

In Table 1 are presented the results of the first 30 days' feeding, 
and in Table 2 are given the data for the entire 60-day test. Only the 
average data for each group of six rats are recorded. 

Ten per cent of meat protein of high biological value is not quite 
sufficient for normal growth in rats under the conditions of these 
experiments. Hence, material differences in the nutritive values of 
the proteins of the various meat food products were readily detected. 
Gain in weight without reference to protein intake is, of course, not 
an adequate basis for comparison. 

• IIoagland, It., and Snider, G. C. the value or BEEF proteins as a supplement to the proteins 
in certain vegetable products. Jour. Agr. Research 34 : 297-308. 1927. 
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Table 1 . — Nutritive value of protein in sausage and other meat food products, 
compared with that in beef and pork , when fed to young male albino rats for a 
period of SO days at a protein level of 10 per cent 



Average age and 
weight of oxperi- 

Total food 
intake 

Intake per 
gram gain in 

(Jain in weight 
per gram con- 


mental animals 

weight 

sumed 

Source of proteins ° 










Age 

at 

start 

Weight 
at start 

(lain in 
weight 
in 30 
days 

Entire 

ration 

Protein 

Fin tire 
ration 

Protein 

Entire 

ration 

Protein 


... 

No. J grade Frankfurter-style 

Days 

Grams 

Grams 

Grams 

Grams 

Grams 

Grains 

Grams 

Grams 

sausage, establishment A 

29 

40 

43 

180 

18. 0 

4. 19 

0.42 

0. 24 

2. 39 

Do 

28 

40 

44 

188 

18.8 

4. 27 

.43 

.23 

2. 34 

No. 1 grade Frankfurter-style 










sausage, establishment B 

No. 2 grade Frankfurter-style 

24 

42 

85 

302 

30. 2 

3. 55 

.36 

. 28 

2.81 

sausage, establishment 0 

No. 1 grade Bologna-style sau- 

27 

40 

00 

234 

23.4 

3. 90 

.39 

. 26 

2. 56 

sage, establishment A 

No. 1 grade Bologna-style sau- 

24 

39 

58 

248 

24.8 

4. 28 

. 43 

.23 

2. 34 


23 

41 

74 

208 

26. 8 

3. 02 

.36 

. 28 

2. 70 

No. 2 grade Bologna-style sau- 



sage, establishment C . 

25 

44 

66 

245 

24. 5 

3. 71 

.37 

. 27 

2. 09 

Liver sausage, establishment 




A 

29 

43 

49 

230 

23. 0 

4. 09 

.47 

. 21 

2. 13 

Liver sausage, establishment, 








B 

29 

42 

94 

285 

28.5 

4.45 

.45 

. 22 

2.25 

Braunschweiger-style sausage, 




establishment A 

20 

43 

98 

211 

21. 1 

3. 10 

.31 

. 32 

3. 22 

Braunschweiger-style sausage, 

establishment B - 

25 

45 

100 

308 | 

30.8 

3. OK 

.31 

. 32 

3. 25 

Fork sausage, establishment A 

28 

l 40 

76 

223 ! 

22.3 

2. 93 

. 29 

. 34 

3. 41 

Pork sausage, establishment B 
Fresh link sausage, establish- 

29 

41 

70 

227 

22.7 

3. 24 

.32 

. 31 

3. 08 

ment D _ 

Beef chuck (cooked), estab- 

23 

. 

39 

41 

180 

18.0 

4. 54 

. 45 

. 22 

j 2. 20 

lishment A .... 

26 j 

■ 41 

95 

324 j 

32.4 

3.41 

.34 

. 29 

2. 93 

Beef chuck (uncooked), estab- 





lishment A 

27 

41 

101 

329 ; 

32.9 

3.20 

.33 

. 31 

3. 07 

Fork (fresh ham), establish- 

ment B . .. 

25 

40 

125 

340 

34. 0 

2. 72 

. 27 

. 37 

3. 08 

Do 

26 

41 

102 

307 ! 

30. 7 

1 3. 01 

. 30 

. 33 

3. 32 

Meat loaf, establishment A 

25 

41 

62 

199 ' 

19. 9 

! 3. 21 

. 32 

.31 

3. 12 

Meat loaf, establishment B 

25 

39 

107 

308 ! 

30.8 

i 2. 88 

.29 

.35 

3. 47 

Scrapple, establishment A 

27 

44 

34 

172 | 

17.2 

5. 00 

. 51 

. 20 

1. 98 

Scrapple, establishment E 

27 

42 

74 

258 ! 

25. 8 

! 3. 49 

. 35 

.29 

2. 87 

Headcheese, establishment A .J 

27 

41 

26 

165 j 

16. 5 

1 6. 35 

.63 

. 16 

1. 58 

Headcheese, establishment B. ^ 

26 

41 

34 

175 I 

1 

17. 5 

i 5.15 

. 61 

. 19 

1.94 


“ Each lot of sausage or other meat food product was fed to six rats; results given are averages. 


From the data presented in Table 1, the meat food products may 
be divided into three groups based on the apparent nutritive values 
of the proteins in those products. In the first group are included 
products containing proteins which showed the highest nutritive 
values, viz, pork sausage, Braunschweiger-style sausage, and meat 
loaf. In the second group are included products containing proteins 
which exhibited intermediate values, viz, Frankfurter-style sausage 
and Bologna-style sausage. Scrapple from establishment E also 
belongs in this group. In the third group are included those products 
containing proteins which seemed to be of lower nutritive value than 
those of the first two groups, viz, liver sausage, headcheese, and 
fresh link sausage. Scrapple from establishment A is included in 
this group. 

For the first group, the gain in weight for each gram of protein 
consumed ranges from 3.08 grn. for pork sausage, establishment B, 
to 3.47 gm. for meat loaf, establishment B. The values obtained for 
the products in this group compare favorably with those recorded 
for beef chuck and fresh ham, viz, 2.93 to 3.68 gm. 
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For the second group the gain in weight per gram of protein con- 
sumed ranges from 2.34 gm. for Frankfurter-style sausage, establish- 
ment A, to 2.87 gm. for scrapple, establishment E. 

For the third group the gain in weight for each gram of protein 
consumed ranges from 1.58 gm. for headcheese, establishment A, 
to 2.25 gm. for liver sausage, establishment B. 

Table 2. — Nutritive value of protein in sausage and other meat food products , com- 
pared with that in beef and pork } when fed to young male albino rais for a period of 
60 days at a protein level of 10 per cent 



Average age and 
weight of experi- 

Total food 
intake 

Intake per 
gram gain in 

Gain in weight 
I>er gram con- 


mental animals 

weight 

sumed 

Source of proteins « 

Ago 

at 

start 


Gain in 








Weight 
at start 

weight P^ntire 
in 60 ration 
days 

Protein 

Entire 

ration 

Protein 

Entire 

ration 

Protein 

No. 1 grade Frankfurter*style 

Days 

(trams 

Grams 

Gra ms 

Grams 

Grams 

Grams 

Grams 

Grams 

sausage, establishment A 

29 

40 

90 

408 

40.8 

4.88 

0.49 

0.21 

2. 05 

Do... 

28 

40 

95 

470 

47.0 

4. 95 

.49 

.20 

2. 02 

No. 1 grade Frankfurter-style 
sausage, establishment B... 
No. 2 grade Frankfurter-style 

24 

42 

171 

097 

09. 7 

4.08 

.41 

.25 

2. 45 

sausage, establishment C . , 

27 

40 

114 

502 

50. 2 

4.40 

.44 

.23 

2. 27 

No. 1 grade Bologna-style sau- 

ssage, establishment A .. 

No. 1 grade Bologna-style sau- 

24 

39 

1.7 

590 

50. 0 

5. 09 

.51 

.20 

1.90 

sage, establishment It 

23 

41 

152 

010 

01.0 

4. 05 

.41 

.25 

2.47 

No. 2 grade Bologna-style sau- 


sage, establishment C 

25 

44 

130 

505 

50. 5 

4. 35 

.43 

.23 

2. 30 

Liver sausage, establishment A 

20 

43 

87 

512 

51. 2 

5. 89 

.59 

. 17 

1. 70 

Liver sausage, establishment B 
Braunschweiger-style sausage, 

29 

42 

122 

055 

05. 5 

5.37 

.54 

. 19 

1.80 

establishment A 

Braunschweiger-style sausage, 

20 

43 

141 

578 

57. 8 

4. 10 

.41 

.24 

2. 44 

establishment B 

25 

45 

175 

725 

72.5 

4. 14 

.41 

.24 | 

2.41 

Pork sausage, establishment A. 

28 

40 

152 

550 

55.0 i 

3. 00 

.37 


2.73 

Pork sausage, establishment B . 
Fresh link sausage, establish- 

20 

41 

150 

588 

58.8 

| 3. 77 

.38 

; 27 j 

2. 05 

ment D 1 

Beef chuck (cooked), establish- 

23 

39 

90 

402 

40.2 

5. 13 

.51 

. 19 J 

I 

1.95 

ment A. 

Beef chuck (uncooked), estab- 

20 

41 

100 

089 

08.9 

4.31 

.43 

j .23 

2. 32 

lishment A. ... . 

27 

41 

100 

093 

09. 3 

4. 17 

.42 

.24 | 

2. 40 

Pork (fresh ham), establish- 


ment B . .. 

25 

40 

201 

731 

73. 1 

3. 04 

.30 

.27 l 

2. 75 

Do 

20 

41 

193 

727 

72. 7 

3. 77 

. 38 

.27 j 

2. 05 

Meat loaf, establishment A 

25 

41 

135 

523 

52. 3 

3. 87 

.39 

.20 ! 

2. 58 

Meat loaf, establishment B 

25 

39 

180 

710 

71.0 

3. 85 

V 38 

.20 | 

2. 00 

Scrapple, establishment A 

27 

44 

77 

435 

43. 5 

5. 05 

. 50 

.18 1 

1.77 

Scrapple, establishment E. _ ... 

1 27 

42 

137 

543 

54. 3 

3. 90 

.40 

.25 i 

2.52 

Headcheese, establishment A. _ 

27 

41 

00 

398 

39.8 

0. 03 

.00 

■ ir * ! 

1.51 

Headcheese, establishment B_ _ 

20 

41 

l 

07 

402 

40.2 

0.0 

.00 

• 17 i 

1.07 


« Each lot of sausage or other meat food product was fed to 6 rats; results given are averages. 


If the meat food products are again classified according to the 
relative nutritive values of their proteins, based on the data for the 
60-day experiments, the arrangement is slightly different, as follows: 
Group 1 includes pork sausage, Braunschweiger-style sausage, meat 
loaf, Frankfurter-style sausage, and Bologna-style sausage from 
establishment B, and scrapple from establishment E. Group 2 in- 
cludes Frankfurter-style and Bologna-style sausage from establish- 
ments A and C. Group 3 embraces headcheese, fresh link sausage, 
and liver sausage. Scrapple from establishment A is included in 
this group. 
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For the first group the gain in weight for each gram of protein con- 
sumed during the 60-day test ranges from 2.41 gm. for Braun- 
schweiger-style sausage, establishment B, to 2.73 gm. for pork sausage, 
establishment A. The range of values for this group compares 
favorably with that for beef chuck and pork hams, viz, 2.32 and 
2.75 gm. 

For the second group the gains for the 60-day period range from 
1.96 gm. for Bologna-style sausage, establishment A, to 2.30 gm. for 
the same kind of sausage from establishment C. 

For the third group, the gain in weight for each gram of protein 
consumed ranges from 1.51 gm. for headcheese, establishment A, to 
1.95 gm. for fresh link sausage, establishment D. 

DISCUSSION OF RESULTS 

The results of the experiments reported in this paper indicate ma- 
terial differences in the apparent nutritive values of the proteins in 
the several meat food products examined. Based on these results, 
the products have been classified in three groups, but this arrange- 
ment applies only to the samples tested and does not have general 
application. 

Attention is called to the fact that, among products from the same 
establishment, the proteins in Frankfurter-style sausage and in 
Bologna-style sausage had practically the same apparent nutritive 
value. These results were to have been -expected because each 
establishment ordinarily makes the two kinds of sausage from essen- 
tially the same mixture of meats. It may be noted, however, that 
there are material differences in the nutritive values of the proteins 
in different lots of these two sausages purchased from different 
establishments. 

The values obtained for the proteins in cooked and uncooked beef 
chuck, both samples being from adjacent parts of the same quarter 
of beef, agreed very closely for both the 30 and 60 day tests. The 
results obtained for two lots of fresh ham purchased at different times 
from the same establishment did not agree very well for the 30-day 
test but were very similar for the 60-day test. On the whole, the 
results indicate that the procedure followed in these experiments 
has given similar results with like products. 

Considerable difference was found between the nutritive values of 
the proteins in the two lots of scrapple. During the 60-day test the 
rats getting scrapple from establishment A gained only 1.77 gm. in 
weight for each gram of protein consumed, whereas those fed scrapple 
from establishment E gained 2.52 gm. This difference is probably 
due to the use of a larger proportion of lean meat in the manufacture 
of scrapple at establishment E. It is noteworthy that, for the 
60-day test, the protein in scrapple from establishment E had as 
high nutritive value as that in beef chuck. This fact is doubtless 
due to the supplemental relationship between the proteins of meat and 
those of corn meal, since both of these products were used in the 
manufacture of this lot of scrapple. The writers have previously 
reported concerning the value of beef protein as a supplement to that 
in com meal. 6 


• HoaolanD, R., and Snideb, G. G. Op. cit. (See footnote 5.) 
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Attention has been called to the fact that, although each kind of 
sausage or other meat food product is usually made from a certain 
group of ingredients, there is nevertheless considerable variation in the 
practice at different meat-packing establishments. Not. only may 
there be variations in the kinds and proportions of the different meats 
and meat by-products used, but there may also be differences in the 
quality of the ingredients as well. It is thus obvious that consider- 
able variation may occur in the nutritive values of the proteins in 
the same type of sausage manufactured at different establishments. 
Hence the results of the experiments reported in this paper can not 
be taken as a basis for generalizations concerning the nutritive values 
of the proteins in the various products examined. 

SUMMARY 

The nutritive values of the proteins in certain kinds of sausage and 
other meat food products have been compared with those of beef 
chuck and fresh pork ham by feeding experiments with young albino 
rats. The results of these tests show that the proteins in certain 
products were of considerably higher nutritive value than the proteins 
in other products. The nutritive values of the proteins in samples 
of the same product manufactured by different establishments also 
varied. 

Based on similarity in the nutritive values of their proteins, the 
meat products examined may be arranged in three groups. Group 1 
includes those products containing proteins of the highest nutritive 
value, viz, all samples of pork sausage, Braunschweiger-style sausage, 
and meat loaf. The proteins in these products had practically the 
same nutritive value as those in beef chuck and fresh pork ham. 
Group 2 comprises products with proteins of lower nutritive value 
than those in Group 1, as follows: All samples of Frankfurter-style 
and Bologna-style sausage and one lot of scrapple from establishment 
E. Group 3 includes products with proteins of lower nutritive value 
than those in Group 2, viz, all samples of headcheese, liver sausage, 
and fresh link sausage, and one lot of scrapple from establishment A. 




ARTIFICIAL SOILING OF COTTON FABRICS PREPARA 
TORY TO LAUNDERING STUDIES 1 


By A. Elizabeth Hill 

Assistant Chemist, Division of Textiles and Clothing , Bureau of Home Economics , 
United States Department of Agriculture 

INTRODUCTION 

Any scientific investigation dealing with laundering requires cloth 
soiled in a definite manner with known constituents. The study here 
reported was undertaken in order to develop a soiling mixture for use 
in experimental work on laundering being done in this laboratory. 
In this connection it was also necessary to study methods of applying 
the mixture to the fabric and of determining the amount of soil on 
the cloth after soiling and after the various laundering processes. 
Naturally soiled fabrics are not satisfactory because the nature and 
the quantity of the soil are not known, the soil is not distributed 
in a uniform screen, and the depth of the soil is not great enough to 
permit a gradation of grayness with variations in the washing process. 

DISCUSSION OF FORMULAS AND METHODS USED BY OTHER 

INVESTIGATORS 

Excluding stains, which have to be treated aside from the regular 
laundry process, there are four kinds of dirt commonly found on 
soiled clothing and household textiles: Albuminous material, such as 
eggs, blood, and body excretions; finely divided matter, such as soot 
and dust; saponifiable oils, including those of both animal and vege- 
table origin; and nonsaponifiable oils, such as mineral oils. Artificial 
soiling mixtures used by other experimental workers have contained 
substances that belong to one or more of these classes of compounds. 
Table 1 incorporates such formulas as have been found in the litera- 
ture and obtained by private communication. 

The choice of the component of the soiling mixture that gives the 
gray color to the test cloth has been the most troublesome problem. 
It must be chemically inert and insoluble in the detergents used, for 
any whitening should be an indication of the removal of soil by the 
washing process. Lampblack, carbon black, linden charcoal, benzol 
soot, and graphite have been used by the various investigators. 
(Table 1.) Elledge and Isherwood ( 12 ), 2 consider lampblack a sub- 
stance comparable to soil in clothes since it consists of finely divided 
particles of carbon with various hydrocarbons condensed on them. 
However, it is rather unreliable in that each new supply may exhibit 
different characteristics. The American Oil Chemists’ Society tried 
a suspension of lampblack in carbon tetrachloride as noted in formula 


1 Received for publication Mar. 23, 1929; issued October, 1929. 

2 Reference is made by number, (italic), to “Literature cited,” p. 549. 
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5A (Table 1) but found it unsatisfactory. Formula 5C is now being 
used. 

The use of carbon black, linden charcoal, and benzol soot may have 
been attempts on the part of the different investigators to employ a 
substance more constant in composition than lampblack. By 
microscopical examination, Butcher (7) finds that particles of lamp- 
black (0.3-0.4 micron) are noticeably larger than those of carbon 
black (0.1-0.15). There is also a distinct difference between the two 
in that the latter mixes far more readily with water. Carbon black 
would therefore be favored above lampblack because its particles are 
smaller and it is more easily dispersed in water. A very useful form 
was found in news ink, which is a mixture of 10 per cent carbon black 
and 90 per cent mineral oil. 

Graphite has been used in preference to lampblack in formulas 3, 
12 and 16 (Table 1), and Chapin ( 8 , p. 1^61) states that it has the 
advantage over any other form of carbon for detergency tests since 
it is free from porosity, and equilibrium in adsorption is reached in 
far briefer time. The British Launderers' Research Association, 
according to Parker {28), suggested the use of commercial prepara- 
tions that eliminate the difficulty of wetting lampblack or finely 
ground dry carbon. One of these is available on the market as a 
suspension in water known as Aquadag, and another as a suspension 
in oil called Oildag. According to the manufacturer, they contain 
approximately 20 per cent and 12.5 per cent, respectively, of dofloc- 
culated graphite. These figures are higher than those reported by 
Parker (28). The extremely fine subdivision of the deflocculated 
graphite, which is in colloidal form, also makes it valuable for use 
in a soiling mixture. Aquadag is not so useful as Oildag for this pur- 
pose because of the greater difficulty in removing it from the fabric. 
Furthermore, its application is time-consuming, since a second dip in 
an organic solution of the oils is necessary after it has dried on the 
cloth. 

Heermann (14) suggested the use of indigo paste instead of any 
form of dry carbon because this paste is always available in the same 
chemical composition and in the same mechanical form. Hirose (18) 
also reports the use of indigo as a component of his soiling mixture. 
However, if photometric readings are made to determine the amount 
of dirt removed by the washing process, blues are not suitable for 
comparison with a white standard. A black dye might be substituted 
for the indigo paste, but the question arises as to the difference in the 
power of hot and cold water to break down the mechanical attachment 
of the dye and the fiber. The same objection as to color can be 
raised against the reddish-brown burnt umber which was used in 
formula 9. (Table 1.) 

There has also been a difference of opinion among investigators as 
to the most desirable oil or fat to include in the soiling mixture. 
Lindner (28, 24) believes that detergents that are good oil washers 
remove plant oils, animal fats, petroleum, resin, and, in fact, any 
organic substances of liquid or semiliquid nature just as well as min- 
eral oil. He differentiates only between their “soot washing power” 
and their “oil washing power.” In addition, present theories (Hillyer, 
l 16 9 17; Spring, 83), are that soap cleanses by virtue of the unde- 
cpmpoped soap through emulsification, absorption, and the lowering 
of the interfacial surface tension at the oil-water interface, not because 




Table l.—A review of various methods of applying different artificial toiling mixtures to textile fabrics used in the determination of washing efficiency 
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of the saponifying power (McBain, 25 , 86, 27) of the small quantity 
of alkali set free by the hydrolysis of even a neutral soap in aqueous 
solution. It is therefore probably unnecessary to include more 
than one oil to demonstrate the oil-removing power of the detergent 
employed, but an artificial soiling mixture which will simulate natural 
soil should perhaps contain a saponifiable animal oil, a saponifi- 
able vegetable oil, and an unsaponifiable oil. 

In choosing a representative of saponifiable oils, the standard 
groups— drying, nondrying, and semidrying — might be utilized, but 
this apparently has not been done in the formulas cited in Table 1. 
Of the animal fats used, tallow seems to be as satisfactory as any 
and is readily obtainable. High-quality olive oil is the least oxidiza- 
ble of all vegetable oils, and is therefore an ideal representative of 
this group for a soiling mixture. Lanolin, though used in two of 
these formulas, is an animal wax rather than a fat or an oil. It would 
be useful as a component of a soiling mixture for wool-scouring inves- 
tigations rather than for laundering experiments, since it is rarely a 
part of natural soil. 

The only factor governing the selection of different mineral oils 
when they are included in the soiling, mixture seems to be the color. 
A colored oil may introduce a yellow tone fhto the gray of the carbon 
and so make photometric readings more difficult. Refined oils are 
preferable since they may be better standardized. 

The components of the dirt mixture should be dispersed in an oil- 
dissolving organic liquid, noninflammable, and reasonably volatile, 
with its boiling point somewhat below the boiling point of water but 
far above room temperature. Such a solvent permits the applica- 
tion of the inert and oily substances in one process and dries rapidly 
enough to avoid streaking of the soiled samples. Carbon tetrachloride 
is the only desirable one reported. 

A study of Table 1 reveals a range of 0.04 to 0.2 gm. of carbon per 
100 c. c. of medium, furnishing, doubtless, a great variety of soiled 
test cloths. However, the depth of soil obtained i£ due not only to 
the differences in the amount of carbon but also to the kind of carbon 
and the technic of soiling. If the 25 per cent brightness, correspond- 
ing to shade S48 of the Munsell gray scale, as earlier suggested by 
the committee of the American Oil Chemists’ Society ( 2Q ) is accepted 
as satisfactory, the amount of carbon and the length of time of soil- 
ing can be determined by trial. 

The quantity of saponifiable and unsaponifiable oils included in the 
soiling mixture seems to have been an arbitrary matter with each 
investigator. In six of the formulas cited the total oily constituents 
range from 0.2 to 5.0 gm. per 100 c. c. of medium. The maximums 
are exhibited by the formulas of Brauer (5), Chapin ( 10), Lindner 
(28, 24) f and Shorter (31), who report the impregnation of the fabric 
with oil undiluted by any solvent. The important feature seems to 
be simply to have enough oil present to attach the inert matter to 
the fabric and thus to simulate natural soil. Equal quantities of 
saponifiable and nonsaponifiable oils would seem a fair test, the 
former being composed of equal weights of animal and vegetable oily 
matter. 

A satisfactory method of applying soil to a test cloth deposits it 
in a uniform manner over the entire surface and permits reproduction 
in kind and depth of soil when another sample of the same cloth is 

74716 — 20 6 
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subjected to the treatment. The methods employed by different 
investigators comprise (1) agitation and shaking of the test cloth in 
the dirt mixture; (2) spreading the soil over the surface of the cloth; 
(3) passing the cloth through the soiling mixture; (4) printing in 
stripes; and (5) soaking the test cloth in the dirt mixture. Test cloths 
of a great variety of kinds and dimensions were used. Size is an im- 
portant factor, for small samples may be soiled satisfactorily by a 
method that would not be at all adapted for larger samples of test 
cloth. 

Few comments have been made by different investigators on the 
character of soiling achieved by a particular method employed. In 
the report of the work of the British Launderers’ Research Associa- 
tion, Parker (28) states definitely that the method of soiling with 
Aquadag gives an even coating of graphite on the cloth. The color 
corresponds to “Grey II ” and contains 0.0025 gm. of graphite per 
square foot. Grey II is one of the colors of the set of standard color 
disks made and used by the British Launderers’ Research Association 
for measuring the tints of white goods in grading the work of power 
laundries. Soiling with Oildag, or with Oildag and olive oil, fur- 
nishes samples of color Grey II containing 0.08 gm. of Oildag or 
0.08 gm. of Oildag with 0.08 gm. of olive oil per square foot after two 
treatments as described in Table 1 under formulas 3B and 3C, respec- 
tively. Heermann (14) admits that he did not succeed in producing 
uniform samples of even distribution of soil. 

EXPERIMENTAL PROCEDURE AND CONCLUSIONS 

STUDY OF THE DARK COMPONENT FOR THE SOILING MIXTURE 

In developing a soiling mixture for use in this laboratory, tallow, 
olive oil, and a refined mineral oil were chosen as representative of 
the necessary fats and oils. Carbon tetrachloride was used as the 
medium when possible on account of its fat-dissolving power as well 
as its noninflammability. Since there is such a wide difference of 
opinion concerning the best dark constituent for such mixtures, this 
matter was given detailed study. Aquadag, Oildag, news ink, lamp- 
black, Cibanone black B, and benzol soot were each considered with 
reference to uniform distribution after soiling and washing, the ease 
of removal of soil by the washing process, and the possibility of dupli- 
cating the brightness after soiling and washing by use of the same 
procedure. 

In order to select the cotton fabric suitable for this work various 
kinds of plain woven cloth of different thread count and weight were 
soiled with an Oildag mixture and washed according to the procedure 
described (p. 546). A sheeting weighing 3.5 ounces per square yard 
and averaging 101 filling yarns and 106 warp yams to the inch was 
found most satisfactory. 

The cloth was desized by a method developed by the author and 
Peterson (29) in this laboratory. Four 18-inch squares of the desized 
sheeting were then weighed after conditioning overnight in a room 
maintained continuously at 70° to 75° F. and 50 per cent relative 
humidity. 3 Three of the samples were next soiled simultaneously 

t Through the courtesy of E. O. Reed, the humidity room of the division of tests and technical control, 
U* S. Government Printing .Office, was used for this work. 
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by agitating for 10 minutes in a small agitator type of washing machine 
in a suspension of the black constituent. The quantity and medium 
are indicated in Table 2. In addition, the samples were always 
treated in the same way with a solution of 30 gm. olive oil, 30 gm. 
tallow, and 60 gm. mineral oil in 4 liters of carbon tetrachloride. 
In experiments where Oildag, news ink, lampblack, and benzol soot 
were used the soiling was done in one application, since carbon 
tetrachloride was the medium for both the black constituent and the 
oils. With Aquadag and Cibanone black B, the black was applied in 
water, and after drying at room temperature, the samples were treated 
with the solution of oils in carbon tetrachloride. 

Table 2. — Brightness of samples soiled with various black substances, compared 
in a photometer with a milk-glass slide of 88.^9 per cent brightness relative to 
magnesium carbonate ( 100 per cent ) 
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The samples were again hung in the humidity room to be weighed 
the following morning. Brightness values were then read on the 
soiled samples by means of an optical arrangement including a 
Martens photometer devised by Bruce ( 6 ) for the measurement of 
the hiding power of paints. These values were obtained by placing 
four thicknesses of the cloth over half of a milk-glass slide, which 
was used as a secondary standard and had a brightness of 88.49 per 
cent when calibrated against magnesium carbonate rated as 100 per 
cent. Four readings were made on each test sample, one approxi- 
mately in the center of each quadrant. The cloth was so folded that 
the diagonal of the quadrant was parallel to the ends of the slide. 

The washing procedure was the same throughout the experiment. 
The samples were washed separately in an experimental cylinder 
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washing machine maintained at constant temperature by a water 
bath. The cylinder revolved at 50 revolutions per minute, reversing 
its direction after each revolution. Every sample was washed three 
times for 10-minute periods in suds consisting of 4 liters of distilled 
water and 10 gm. of Castile soap, and was then rinsed three times 
for 10-minute periods in 4 liters of distilled water. A temperature 
of 75° C. was maintained throughout. There was no wringing 
during the process. After each bath the samples were removed and 
hung on the line until the next was prepared. A bank of two washers 
permitted two samples to be washed at the same time. Then the 
procedure was repeated with the third sample and the unsoiled 
control. The samples were dried at room temperature, conditioned 
overnight in the humidity room, and then weighed and their bright- 
ness determined by the photometer. 

Table 2 gives the brightness values of the soiled and washed 
samples. Table 3 gives the percentages of soil on the test samples 
after soiling and after washing, as determined by weighing. 

Table 3. — Percentage of soil on samples soiled with various black substances y 
determined by weighing under standard conditions of 70° to 75° F. and 50 per 
cent relative humidity , calculated on the basis of weight of unsoiled cloth 
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• 0.17 per cent represents decrease in weight and so is not included in the average 0.38. 


According to the data in Tables 2 and 3 all the black constituents 
seem to fulfill the requirements of artificial soiling; that is, the soiling 
can be reproduced and the effect of washing can be duplicated in 
successive experiments. A second run in each set checked the first 
rather well. Samples soiled with Oildag were washed cleaner than 
any of the others, showing a 26.3 per cent brightness increase compared 
with a 20.4 per cent increase in the case of news ink and a 15 per cent 
approximate increase in the case of samples soiled with the other 
black subs-tances. The unsoiled controls showed practically the same 
results throughout; that is, an almost insignificant decrease (1.4 per 
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cent) in brightness and, with the exception of experiment No. 3, a 
slight increase in weight with washing. 

In order that the average brightness of the four quadrants may 
represent a reliable measure of the brightness of the entire surface of 
the test sample, good uniformity of depth of soil must exist through- 
out. The standard deviation was therefore calculated in order to 
obtain a measure of the variation of the brightness of each quadrant 
from the arithmetical mean. (Table 4.) 

Table 4. — Average brightness value of six samples with two runs for each black 
constituent, and standard deviations and standard errors of averages 
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9 <rM equals standard error of the mean; a equals standard deviation; and N equals number of observations. 


Obviously the black constituent showing the smallest standard 
deviation is more highly recommended than the others for use in the 
artificial soiling mixture. In both soiled and washed samples, the 
black substances permanently suspended when purchased, exclusive 
of Cibanone black B, have smaller standard deviations than the dry 
carbons — lampblack and benzol soot. Of the permanently suspended 
blacks, Aquadag and Oildag are superior to news ink (carbon black) 
as regards uniformity within each sample and in respect to their 
ability to soil three samples uniformly and simultaneously in the same 
run. Oildag is to be preferred to Aquadag because it can be attached 
to the fabric together with oils in one application. 

Table 4 reveals further that the soiled samples as a group show less 
variation than the washed samples with every black component. 
Even soiling is apparently less difficult than even washing with the 
apparatus used in these experiments. 

The'reliability of the brightness increase figure, which is an index of 
washing effect, is of great importance. Since no correlation exists 
between brightness of spots on soiled and washed samples, respec- 
tively, in the close range dealt with, the reliability of this figure can be 
determined by the formula 


<s d = 


V cr s 2 -f <r W 1 
N r ‘ 


where cr d equals standard error of difference, a s equals standard 
deviation of the soiled samples, a w equals standard deviation of the 
washed samples, and N r equals the number of brightness readings 
made on both soiled and washed samples. N r equals 24 in all calcula- 
tions, since four readings are made on each sample and there are six 
samples in two runs. The value indicating the increase in brightness 
together with the standard deviation for Oildag is 26.3 ± 0.26, which 
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means that chances are about two to one that the brightness increase 
with two runs, three samples each, four brightness readings on each 
sample, would not vary from the 26.3 by more than 0.26. By con- 
trast with the reliability of the brightness increase figure for Oildag, 
benzol soot shows 15.4 ±0.53, and Cibanone black B, 15.8 ±0.58. 
Oildag would be selected again because of the greater reliability 
exhibited by the figure expressing brightness increase. 

METHOD OF APPLYING THE SOILING MIXTURE TO THE TEST CLOTH 

The selection of a suitable method of applying the soiling mixture 
involved the study of a number of mechanical devices. It was found 
that the use of a ball mill, a laboratory mechanical stirrer, and an 
oscillating shaking machine were not satisfactory on account of the 
irregular soiling produced. Of these the oscillating shaking machine 
was most promising. 

Better results were produced by placing the soiling mixture in a 
shallow pan and dipping the sample into it. However, it was found 
necessary to use a strictly uniform procedure if comparable results 
were to be obtained. The best method of doing this consisted in 
immersing the sample for one minute, reversing it, and allowing it 
to remain immersed for another minute. It was then lifted out and 
turned once while drying. The distribution of the soil over the sur- 
face of the samples was fairly good. The duplicating of the brightness 
of soil with a second trial was poor with the lampblack constituent but 
excellent with the Oildag. 

Another method, which was unsuccessful but which undoubtedly 
has possibilities, consists in stretching the fabric over frames which 
are then fitted into the grooves of a photographic tank. By blowing 
air into the bottom of this, the soiling mixture can be circulated and 
kept from settling during the half-hour exposure of the test samples. 

The procedure finally selected for all the soiling done in this labora- 
tory involved the use of a small agitator washing machine. In the 
bottom of the tub is a four-blaaed aluminum agitator which is 
operated by a hand lever. The revolving device is reversed after 
each revolution and thus carries the cloth first in one direction and 
then in the other. By use of this machine it has been possible to soil 
each test sample uniformly, to soil three pieces similarly at the same 
time, and to duplicate a soiling of three samples with the same 
treatment. 


QUANTITATIVE DETERMINATION OF WASHING EFFECT 

Bergell (4) } Lindner (23,24), Parker (28), and Schiewe and Stiepel 
(SO) have suggested that the amount of soil removed from samples 
in experimental laundering studies may be determined by weighing, 
although Heermann (14) specifically advises against this method. 
In order to test the feasibility of this suggestion the two standard 
methods of weighing, in a constant humidity room and in a con- 
ditioning oven, were compared. Photometric readings and weighings 
in a constant humidity room had been made on all samples up to this 
point. 
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Table 5. — Brightness of Oildag-soiled samples , unheated and heated, compared in 
a photometer with a milk-glass slide of 88.4.9 per cent brightness relative to mag- 
nesium carbonate ( 100 per cent ) 
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26. 8 26. 7 126. 9 53 . 1 
j29.4 29.8L_.j34. 2] 

29.7 30.4 30. 1 36.0 


I 


i W 


54. 1 51. 7 53. 1 
52. 4 54. 1 53. 3] 

34. 1 34.9 34.4 
35. 5,34. 8 35. 4] 



The samples in the experiment with heated Oildag (Table 5, experi- 
ments 13 and 14) were subjected to the same soiling and washing 
procedures as those with unheated Oildag (Table 5, experiments 3 
and 4). The only difference was that, fti the former, weighings were 
made in each case with the samples in a bone-dry condition. This 
was accomplished by heating in a conditioning oven at 105° to 1 10° C. 
for four hours with a fan running. Brightness values of the samples 
are recorded in Table 5 and the weighings in Table (3. 

Table 6. — - Percentage of soil on Oildag-soiled samples , unheated and heated , 
determined, by weighing in a room maintained at 70° to 75° F . and 50 per cent 
relative humidity , and in a conditioning oven at 105° to 110° C respectively, 
calculated, on the basis of weight of unsoiled cloth 


Ex- 

peri- 

ment 

No. 


Block constit- 
uent of .soil- 
ing mixture 


3 Oildag, un- 

heated i 

4 do 

13 Oildag, heat- 

ed 

14 do 


Per cent soil on — 


Soiled samples 


Individual sam- 
ples 

Average 

A 

B 

C 

Each 

run 

Two 

runs 

4.6 

4. 7 

5.2 

4.8 


4.8 

4.8 

4.4 

4. 7 

4.8 

4. 5 

4.4 

4.8 

4.6 


4.5 

46 

5.0 

4.7 

4.6 


Washed samples 

I 

' I 

Average i 


Individual sam- 
ples 



C 


3.0 

3. 1 


2.8 
3. 1 


l Average perj 
! cent of soil 
{ removed 


Per 
cent 
differ- 
ence in 
weight 
of un- 
soiled 
control 


Each 

Two 

Each Two 

wash- 

ing 

run 

runs 

run 

runs 

2.6 


2.2 i 

-0.17 

3.3 

3. 6 

1.4 

),8 

+0.36 

2.8 


1.8 

-0.12 

2.9 

2.8 

1.8 

1.8 

-0.04 


A comparison of the average percentage brightness increase of the 
three samples in each set shows a 26 per cent approximate increase in 
the unheated against a 5 per cent increase in the heated samples. 
Mere visual evaluation with the naked eye agrees with this finding, 
and yet weighings show 1.8 per cent of soil removed in each case. 
Here, as also in the humidity room weighings, very poor correlation 
exists between brightness values and percentage soil on the weight of 
the cloth. Descending brightness values should give ascending per- 
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centages representing soil on the weight of the cloth. The two stand- 
ard methods of weighing textile fabrics fail to be useful in determin- 
ing the results of laundering experiments. The humidity room per- 
mits weighing under standard conditions but requires too long a time 
for the samples to roach equilibrium. Jarrell ( 22 ) finds that 48 hours 
are required for the attainment of equilibrium when paper is trans- 
ferred from 35 per cent to 65 per cent relative humidity and about 6 
da^s when changed from 65 per cent to 35 per cent. In contrast to 
this the conditioning oven furnishes speed but is also unreliable as a 
method of determining true experimental results. In addition, the 
soil is apparently fastened to the fabric so that washing effects 
can not be studied. 

A photometric method was the only other used in this laboratory 
for determining the amount of soil removed. Bruce’s ( 6 ) arrangement 
of Martens photometer is reasonably satisfactory for this purpose in 
that it permits any desired number of readings over the surface of the 
cloth. The great disadvantage lies in the small area that each bright- 
ness reading represents. This is only one-half of a circle 3 cm. in 
diameter. In the writer’s experiments the soil has been evenly 
enough distributed to allow an average of four readings, one in each 
quadrant, to represent the reflection value of the entire surface of the 
18-inch square. However, an instrument may be arranged to read a 
larger surface of the test sample. Brightness readings are preferred 
to weighings as a method of determining the results of the washing 
process. 

SUMMARY 

' A comparative study of the black constituents suggested for use in 
experimental soiling methods results in the recommendation of Oildag 
for this purpose. Samples soiled with mixtures containing this mate- 
rial are of uniform and reproducible brightness. 

The cotton sheeting used in these experiments was of suitable yarn 
composition and weave to permit a uniform distribution of the dirt 
mixture after soiling and after wash ng. 

The soiling mixture now being used by this bureau in experimental 
laundering studies contains the following constituents: Oildag, olive 
oil, tallow, and mineral oil. Representatives of all constituents of 
natural soiling are present with the exception of albuminous matter 
and stains. Albuminous matter, if included, would limit the tem- 
perature range of experimental work. 

A small agitator type of washing machine is used in applying the 
mixture to the fabric. It deposits the soil uniformly over the surface 
of each sample, furnishes samples of approximately the same bright- 
ness, and with the same procedure enables the production of a second 
set of the same uniformity and brightness. 

Weighing, either in a humidity room or in a conditioning oven, was 
found to be an unsatisfactory method of determining the amount of soil 
removed. A photometric method is therefore now being employed. 
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THE CHEMICAL COMPOSITION OF GIRASOLE AND 
CHICORY GROWN IN MINNESOTA 1 


By Hamilton P. Traub , 2 Clifford J. Thor, Lawrence Zeleny, and J. J. 

Will am an, Minnesota Agricultural Experiment Station 3 

INTRODUCTION 

In connection with the utilization of the girasole, or Jerusalem- 
artiehoke, Helianthu* tuberosus , 4 and chicory, Cichorium intybus , as 
truck crops and in possible sugar manufacture, the chemical composi- 
tion is of interest. In the case of the girasole a knowledge of the 
composition of the tops is important because of the value of this por- 
tion of the plant as a food for stock. In the present paper are reported 
analyses of the crops grown at University Farm, St. Paul, Minn., 
in 1927. 

The material was analyzed according to the Official Methods ( 1 ) 5 
except the sugars in girasole tubers and chicory roots. These were 
determined by Ost’s cupro-carbonate nfethod as modified by Nyns 6 
and reviewed by Oliver, 7 and Traub, Thor, Willaman, and Oliver. 8 

GIRASOLE 

Analyses of the various constituents of girasole grown under 
European conditions have been reported by Konig (£, v. Up. 729; 
v. 2 , p. 900-901 ), Fingerling-Kellnor (7), and by Muntz and Girard 
as quoted by Garola (4). The present analyses show the composition 
of girasole under Minnesota conditions. For these analyses four 
varieties were chosen — Portland, Mammoth French white, a purple 
variety, and a variety sent out by the United States Department of 
Agriculture, here referred to as U. S. D. A. The plants were grown 
on rich sandy loam. A comparison of the composition of tubers of 
the four varieties are presented in Table 1. 

In these tubers there is, generally speaking, a rise in the dry matter, 
carbohydrate fractions, and total nitrogen from August 30 to Novem- 
ber 3. On the latter date the highest total sugar content was a little 
more than 15 per cent in the Portland and Mammoth French white 
varieties. The sugar content of the U. S. D. A. and purple varieties 
was slightly lower. 


1 Received for publication Mar. 8, 1929; issued October, 1929. Published with the approval of the direc- 
tor as paper No. 835 of the Journal Series of the Minnesota Agricultural Experiment Station. 

* Chief. Division of Horticulture, Texas Agricultural Experiment Station, since April, 1928. 

3 Thanks are due 8. C. Nelson, E. 3. Miller, and C. E. Steinbauer for competent assistance in certain of 
the chemical determinations. 

4 Helianthus tuberosus is not an artichoke and is not native to Palestine; therefore “ Jerusalem-artichoke” 
is a misnomer, and is being replaced by the simpler term “girasole.” See L. H. Bailey (#, p. 446 - 449 ) . 

8 Reference is made by number (italic) to “ Literature cited,” p. 555. 

8 Nyns, L. selective determination of levulose by means of ost's cupro-carbonate solution. 
Chem. Abs. 19: 1236. 1925. 

7 Oliver, R. the development of methods for the analyses of inulin bearing plants. 1927. 
[Unpublished master's thesis. Copy on file, Univ. Minn. Libr.J 
•Traub, H. P.,Thor, C. J., Willaman, J. J., and Oliver, R. storage of truck crops. The girasole 
helianthus tuberosus. Plant Physiol. 4: 123-134, illus. 1929. 
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The important consideration in the manufacture of fructose is the 
ratio of fructose to total sugars (6). In the ratio of fructose to other 
sugars present Mammoth French white ranks highest, followed by 
U. S. D. A., Portland, and the purple variety, in the order named. 

To determine the relative value of the various parts of the whole 
plant, analyses were made of the tubers, leaves, and stems of one 
variety. T^he data covering the composition of tubers, leaves, stems, 
and entire tops of the Portland variety are summarized in Table 2. 

Table 1 . — Composition of the tubers of four girasole varieties grown on sandy loam 
at University Farm , St. Paul , Minn., and analyzed August SO and November 8, 
1927 



i 

Composition expressed as percentage of green weight 

Variety 

Date 

analyzed 

Mois- 

ture 

Dry 

matter 

Fruc- 
j tose 

Glucose 

Total 

sugar 

Ash 

Crude 

protein 

Crude 

lipides 0 

Portland 

Mammoth French white. . 

U.S.D. A 

Purple 

/Aug. 30 
lNov. 3 
/Aug. 30 
\Nov. 3 
/Aug. 30 
\Nov. 3 
...do 

84.6 

79.8 

83.5 

79. 1 

84.6 

80.2 

78.9 

15.3 
20. 1 

16.4 
20.8 
15.3 
19.7 
21.0 

6. 72 
9.99 
7.52 
10.3 
7.29 
9.33 
9.38 

3. 61 
5.06 

3.43 
4.79 

3. 72 

4.43 

4. 74 

1 

10.33 
15. 05 
10. 95 
15.09 
11.01 

13. 96 

14. 12 

1.09 

1.08 

1. 24 

1. 13 
1.00 

1. 16 

1. 18 

1. 55 
2.56 
1.75 

2. 43 
1.50 
2. 62 
3.06 

0.26 

.24 

.17 



Composition expressed as percentage of dry weight 

Ratio of— 

Variety 

Date 

analyzed 

Fruc- 

tose 

Glucose 

Total 

sugar 

Ash 

| Crude 
protein 

Crude 

lipides 

Fruc- 
tose to 
glucose 

Fruc- 
tose to 
total 
sugar 

Portland 

Mammoth French white. _ 

U.S.D. A 

Purple 

/ Aug. 30 
\Nov. 3 
/ Aug. 30 
\Nov. 3 
/Aug. 30 
\Nov. 3 
...do 

43.6 

49.5 
45.8 

49.4 

47.4 
48.3 

44.6 

23. 4 
25.0 
2 a 9 
22.9 
24.2 
22.4 
22. 5 

67. 1 
74. 6 
66.7 
72.3 

71.6 

70.7 
67. 1 

7.0 

5.3 
7.5 

5.4 

6.5 
5.8 

5.6 

10. 0 ! 
12.7 

10.5 1 

11.6 
9.7 

13.3 
15. 6 

1.6 

1.4 

.8 

1.86 

1.97 
2. 19 
2. 15 

1. 96 

2. 15 

1.98 

0. 65 
.66 
.69 
.68 
.66 
.68 
.66 


* Cloroform extract. 


Table 2. — Chemical composition of tubers, leaves, and stems of girasole plants of 
the Portland variety, grown at University Farm, St. Paul, Minn., in 1927 



Percentage of green weight in— 

Percentage of dry weight in— 

Determination 

Tubers * 

Leaves'* 

Stems h 

Entire 
top b 

Tubers ° 

Leaves 1 

Stems b 

Entire 
top b 

Moisture 

79.8 

75.8 

66. 1 

69.9 





Dry matter 

20. 1 

24. 1 

33.8 

30. 0 





Reducing sugars 


1. 72 

1.96 

1.86 


7. 14 

5.79 

6.22 

Nonreducing sugars 


2.03 

6.03 

4.44 


8.37 

17.81 

14.79 

Total sugars 

c 15. 04 

3.75 

7.99 ! 

6.30 | 

74. 61 

15. 51 

23.60 

21.00 

Starch 


1.02 

6.25 

4.18 


4. 21 

18.47 

13. 91 

Pentosans 

.83 

2. 07 

.42 

1.07 

3.90 

8.56 

1.25 

3.59 

Protein (X6.25) .. 

2.56 

3. 75 

.93 

2.00 

12. 75 

15.43 

2.81 

6.87 

Ash 

1.08 

3.58 

.74 

1.87 

5.37 

14.80 

2.18 

6. 21 

Crude lipides (chloroform extract) . . 


.17 

.04 



.07 

.12 



0 NoV. 8» h Oct. 11 . « Total water-soluble carbohydrates. 
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The dry matter in the leaves, stems, and entire tops of the girasole 
is relatively higher than that in the tuber. The tubers contain 
relatively much more sugar than the leaves, stems, and entire top. 
The starch content of the leaves, determined by the diastase method, 
is relatively lower than that of the stem portion. The pentosan, 
nitrogen, and ash content of the leaves is relatively much greater 
than that of the stem. In the case of the tubers, the pentosan value 
was determined on the residue of a sample after thorough extraction 
with 80 per cent alcohol and hot water. The amount recovered is 
the same as that reported by Muntz and Girard (4). 

The total sugar content of the entire top is a little more than 6 per 
cent of the green weight and 21 per cent of the dry weight. The 
starch content is more than 4 per cent of the green weight and 
more than 13 per cent of the dry weight. The protein content is 
2 per cent of the green material and more than 6 per cent of the dry 
material. In the utilization of the tops for feeding and other pur- 
poses these facts are important. 

A comparison of the Minnesota analyses with those of Muntz and 
Girard Qt) in Europe has been attempted in Table 3. The table 
shows that girasole tubers and tops grown under Minnesota conditions 
compare favorably with those growh in Europe. 


Table 3. — Chemical composition of mature girasole tubers , tops y and leaves , as 
determined by the writers and by Muntz and Girard ( 4 ) 

[Values are expressed in percentage of green weight] 


Determination 


Moisture 

Dry matter 

Reducing sugars — 
Nonreducing sugars 

Total sugars 

Starch. - 

Pentosans 

Protein 

Ash 


Composition of 
tubers as shown 
by— 

Composition of 
top as shown 
by— 

Composition of 
leaves as shown 
by- 

Present 

data 

MOntz 

and 

Girard 

Present 

data 

Mfintz 

and 

Girard 

Present 

data 

Mtintz 

and 

Girard 

79.8 

81. 9 

09.9 

83.0 

75.8 

84.2 

20. 1 

18. 1 

30.0 

17.0 

24. 1 

15.8 

(“) 


1.86 


1. 72 




4.44 


2.03 


b 15. 04 

« 11. 05 

6.30 



3. 75 




4. 18 

; 

1.02 


.83 

.83 

1.07 

1.99 i 

2. 07 

1. 39 

2. 50 

2.40 

2.00 

2.54 ! 

1 3. 75 

3.08 

1.08 

1. 50 

1.87 

2.89 

3.58 

3.31 


• Blanks indicate that no figures were reported. 

* Total water-soluble carbohydrates. 
c Inulin plus sugar. 


Typical acre yields of girasole tubers of the Portland variety for the 
season 1927 in Minnesota, based upon K e-acre plots on rich sandy loam 
and silt loam, are, for sandy loam, 11.50 tons per acre, and for silt loam 
5.25 tons per acre. The crop on the sandy loam was planted the 
middle of April, and that on silt loam the first week in May, and this 
difference in date of planting may account in part for the great 
variation in yield on the two soils. These yields compare favorably 
with those reported for France by Shoemaker {9). On October 1 
the plants on silt loam averaged 7% feet in height and were just, 
beginning to flower; on sandy loam on the same date the plants 
averaged 8 feet and were in full bloom. 
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CHICORY 

Analyses of chicory have been reported by Tatlock and Thomas 
(11) and others who have studied chicory as a substitute for coffee. 
Colin (3), Sirot and Joret (tO), and Grafe and Vouk (5) have reported 
on inulin in chicory. These analyses are not strictly comparable 
with those reported in this paper, where chicory is considered as 
a source of fructose. 


Table 4 . — Comparison of the chemical composition of the roots of two varieties of 
chicory grown at University Farm, St. Paul, Minn., and analyzed September 15 
and October U, 1927 


Variety 

Date 

analyzed 

Composition in percentage of green weight 

Mois- 

ture 

Dry 

matter 

Fruc- 

tose 

Glu- 

cose 

Total 

sugar 

Ash 

Crude 

protein 


/Sept. 15 
\Oct. 14 
/ Sept. 15 
\Oct. 14 

81.7 
79.4 
80. 6 
77. 6 

18.2 
20. 5 

19.3 

22.3 

10. 13 
10. 58 
10.08 
10. 79 

3. 53 
5.99 
3. 47 
0.03 

13. 00 
10. 57 

14. 15 
17. 42 

0. 72 
. 73 
.79 
.71 

1. 25 
1.37 
1.20 
1.02 

Westland's strain. 




Composition in percentage of dry weight 

Ratio of ° — 

Variety 

| Date 
analyzed 

1 

/Sept. 15 
\Oct. 14 
/Sept. 15 
\Oct. 14 

Fruc- 

tose 

55. 47 
51. 51 
55. 25 
48. 23 

Glu- 

cose 

Total 

sugar 

Ash 

Crude 

protein 

Fruc- 
tose to 
glucose 

Fruc- 
tose to 
total 
sugar 

Large-rooted Magdeburg. ....... 

19.33 
29. 10 
17. 95 
29.04 

74. 80 
80. 07 
73. 20 
77. 87 

3. 90 
3. 57 
4.08 
3. 19 

0.8 

6.8 

0 . 1 
7.3 

l 

2. 87 
1.70 
3.08 
1.03 

0. 74 
.04 
.75 
.62 

Westland’s strain. 



• On a green- weight basis. 


A comparison of two superior varieties of chicory, Large-rooted 
Magdeburg and Westland's strain, grown on silt loam at University 
Farm, St. Paul, Minn., is presented in Table 4. This table shows 
that the increase in dry matter between September 15 and October 14 
amounts to 2.3 and 3.0 per cent of the green weight for Large- 
-xoated .Magdeburg and Westland's strain, respectively. The table 
shows also that there is a perceptible increase in total sugars in both 
varieties from September 15 to October 14, amounting to about 3 
per cent of the green weight. This difference is due to a relatively 
greater increase of sugar other than fructose,* since the latter value 
remains practically constant. The absolute amount of water-soluble 
carbohydrates in both varieties at maturity, October 14, is practically 
the same, 16.57 and 17.42 per cent, of the green weight. The fructose 
values for these two varieties are 10.58 and 10.79 per cent of the green 
weight. The ash content for both varieties is about 0.7 and the pro- 
tein content about 1.2 per cent. 

In connection with the ratios of fructose to glucose and fructose to 
total sugars, on a green-weight basis, it should be noted that the 
highest ratios are reached at the earlier date, September 15. By 
October 14, because of the relative increase in glucose, the ratios 
decrease markedly. 
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COMPARISON OF GIRASOLE AND CHICORY 

A comparison of the fructose and total sugar content of chicory 
on September 15 and girasole at its best on November 3 shows that, 
under Minnesota conditions, chicory has consistently a higher fructose 
and total sugar content. The ratios of frustose to glucose and fructose 
to total sugars are also higher for chicory. (Tables 1 and 4.) These 
considerations are important in the possible utilization of chicory 
as a source of fructose. 

SUMMARY 

Two of the best varieties of the girasole grown, Portland and Mam- 
moth French white, contain a little more than 15 per cent sugar on a 
green-weight basis. 

Mammoth French white has the higher ratio of fructose to total 
sugars. 

The sugar content of the tubers is relatively greater than that of the 
tops. 

The total sugar and starch content of the tops is more than 10 per 
cent of the green and more than 30 per cent of the dry weight. 

As a source of fructose, chicory is apparently as desirable as, or more 
desirable than, girasole. ' * 

Chicory apparently reaches its maximum fructose content relatively 
earlier (September in Minnesota) than girasole (November in 
Minnesota). 
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MOSAIC DISEASES IN THE CANARY ISLANDS, WEST 
AFRICA, AND GIBRALTAR 1 

By H. H. McKinney 2 

Senior Pathologist , Office of Cereal Crops and Diseases, Bureau of Plant Indus- 
try, United Slates Department of Agriculture 

INTRODUCTION 

The Allison V. Armour expedition was conducted primarily for 
the purpose of collecting living plants and seeds and introducing 
them into the United States. However, as the yacht used on the 
expedition was fitted for doing laboratory work and for growing 
potted plants, it was possible to conduct certain types of experi- 
ments coincident with the work of collection; and other experiments 
have been conducted since the return of the writer to the United 
States. On the expedition the waiter's time w r as devoted to the 
search for plant viruses suitable fen* experimental studies and to the 
accumulation of information concerning the virus diseases of plants 
in the regions visited. 

This report deals with the observations made in the Canary 
Islands, west Africa, and Gibraltar, and with some of the experi- 
mental results relating both directly and indirectly to the mosaic 
viruses from Nicotiana glauca R. Grah. collected on the Canary 
Islands and at Gibraltar. Limited comparative studies have been 
made with some of the viruses collected in the United States. 


MOSAICS IN CANARY ISLANDS 


The expedition reached Santa Cruz, Teneriffc, the capital of the 
Canary group, on December 22, and on December 28 it went to the 
island of Grand Canary. Several days were spent making obser- 
vations and collections on each of these islands. During December 
the islands are rather cool and are rich in growing plants, including 
many kinds of garden vegetables. 

Tomatoes and potatoes were growing in many localities, and 
various species of cucurbits were found in gardens and along the 
roadsides. Many of the potato plantings were located on narrow 
terraces, sometimes high above the highways and very inaccessible. 
In one of these terrace plantings which overlooked the sea near the 
port of Orotava, Teneriffe, green mosaic was found on most of the 
potatoes and on a garliclike plant 3 (fig. 1) which was growing as a 


i Received for publication Mar. 2, 1029; issued October, 1929. The work described in this paper was done 
by the Allison V. Armour expedition of 192rt-27. A full account of the two expeditions sponsored by 
Armour has been published by Fairchild (/). 4 

* The writer wisnes to express his appreciation to Mr. Armour and to Doctor Fairchild for the oppor- 
tunity of collecting and studying the mosaic diseases reported in this paper and for personal assistance 
rendered in various ways during the voyage. Credit is due to Dr. J. M. Dalziel, of Kew Botanical Oar- 
dons, Kew, England, who accompanied tne expedition, and also to Oliver M. Freeman, of the United 
States Bureau of Plant Industry, for identifying some of the plants collected. 

3 When this plant was collected it was thought to be a wild garlic, and the writer referred to it as such 
in an abstract (6) . After being studied further in a quarantine greenhouse, this plant appears to be one 
of the false garlics (Nothoscordum fragrant Kunth) . 

< Reference is made by number (italic) to “ Literature cited," p. 577. 
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Figure 1 .-— Green mo- Figure 2,T-Mosaie on Nicotiana glauca: A, Mosaic-free leaf; B, mild mosaic; C, 

sale on false garlic light-green mosaic; D, yellow mosaic. Collected on the island of Grand Canary, 
{Naihoeeordum fra- Canary Islands. X 1 
. crane Kuntb). Col- 
lected on the island 
of Teneriffe, Ca- 
i nary Islands. XI i 
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weed among the potatoes. In one garden at Orotava, fuchias 
(. Fuchsia magellanica gracilis) and cultivated peppers ( Capsicum 
frutescens L. var. grossum) had typical green mosaic. Many tomato 
plants were examined on the islands, but no mosaic was observed. 
Also no mosaic was observed on the cucurbit species which were 
found. 



Figure 3.— Green mosaic on Psoralta bituminosa : A, Healthy leaf; B-D, diseased leaves. Collected 
on the island of Teneriffe, Canary Islands. X iV 


Bananas are grown in all suitable areas on both of the islands. 
Many plantations were visited and hundreds of plants were examined 
for bunchy top, a destructive virus disease (7) which occurs in 
Australia, Fiji, Egypt, Ceylon, and the Philippine Islands. None 
of the plants examined gave evidence of this disease, and no mosaic 
was observed. 
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Psoralea bituminosa L., a legume which is a native of Arabia and 
the Mediterranean districts, and Nicotiana glauca , 5 a native of South 
America, were found growing wild in all the waste places and bar- 
rancos or dry creek channels. Both species had green mosaic. 
(Figs. 2 and 3.) In fact, it was exceptional to find mosaic-free plants 
of either of the species on Teneriffe or Grand Canary. 

EXPERIMENTS WITH THE CANARY ISLANDS MOSAICS 

The mosaic on Nicotiana glauca was of greatest immediate interest, 
and several collections of diseased tissue were made. However, these 
could not be tested until young tobacco plants were available on 
the expedition yacht. 

It was found that Connecticut-Havana tobacco developed very 
satisfactorily on a special deck arranged near the stern of the boat. 



Figure 4.— Method of growing experimental tobacco plants on the deck of the yacht XJtowana 

(Fig. 4.) As no serious difficulty was experienced from storms, it 
was possible to grow' the plants in the open. The intense light from 
the tropical sun and any salt-water spray were kept from the plants 
by means of properly arranged cheesecloth and canvas. The plants 
were grown in 4-inch pots arranged in a large meshed net made of 
heavy cord and wire. This prevented the pots from rolling about. 

An inoculation test was made with an extract from dried leaf 
tissue obtained from a mosaic-affected plant of Nicotiana glauca 
collected in Teneriffe. This mosaic was easily transmitted to tobacco. 
From the beginning, the symptoms were of the light-green type. 
After the plants had developed 12 to 18 leaves, yellow spots and 

J This species grows wild in many districts in the southwestern part of the United States, and mosaic* 
dfce&sed specimens have been sent to the writer by David Fairchild from the Boyce Thompson South- 
western Arboretum at Superior, Aria. 
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patches appeared on some of the foliage, as indicated in Figure 5, A. 
These results were of especial interest as they are similar to those 
that had been obtained with all the mosaic viruses that had been 
tested on tobacco previously (4, 5). 

Another test was carried out with virus from Nicotiana glauca 
collected in Grand Canary. The green -mosaic symptoms were 
slightly different from those obtained in the previous experiments, 
but yellow spots occurred in the same manner. 

When the ship returned to the Canary Islands for fuel in March, 
one day was spent collecting and observing mosaic-affected Nicotiana 
glauca growing in the regions of the upper and lower highways between 
Las Palmas and Telde on the island of Grand Canary. Several 
hundred diseased plants were examined, and of these one had what 



Figure 5. — Mosaic oil Connecticut, -Havana tobacco: A, Liglit-greon mosaic showing a yellow spot; 

B, yellow mosaic produced by a concentrated virus obtained from spots similar to that shown 
in A; C, mild dark-green mosaic obtained from Nicotiana glauca. X Va 

appeared to be pure yellow mosaic (fig. 2, D) and two had a yellow 
and green combination with yellow predominating. The remainder 
had either a light-green (fig. 2, C) or a mild dark-green mosaic (fig. 2, 
B), In some cases leaf abnormality was associated with green 
mosaic. 

Mosaic leaf tissue w T as collected from eight specimens which had 
somewhat different symptoms ranging from the mild dark-green 
mosaic to the yellow type. These, tissues were handled with great 
care to prevent cross contamination after collection. The fresh 
leaves were cut into fine pieces and dried in a warm closet, after which 
they were carefully stored in envelopes separated from each other by 
means of heavy oiled paper. 

All these dry tissues have been tested on a strain of Connecticut- 
Havana tobacco in a quarantine greenhouse, and each produced 
mosaic one year after collection. Ten of more plants were inocu- 
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lated with each sample. Plants inoculated with virus from differ- 
ent sources were protected from one another by means of frames 
having galvanized wire screen (12 meshes to the inch each way) 
tacked on each side, as shown in Figure 6. A frame of single screen 
was placed in front of the plants. Extensions were arranged on top 
of the partition screens if the plants became very tall. All openings 
in the greenhouse were covered with copper screen having 30 wires to 
the inch each way. The legs of the greenhouse benches were coated 
with “ tanglefoot ” paste. The benches did not touch the walls of 
the house at any point. 

Thus far it seems that the mottling symptoms produced by these 
viruses on tobacco fall into three general classes: (1) Yellow mosaic, 
a type which has little or no chlorophyll in the lightest-colored areas; 
(2) light-green mosaic, a type characterized by light-green areas 
which occupy the greatest portion of the leaf surface, normal dark- 



Figure 6 . — Method used in conducting greenhouse experiments with different viruses. One front 
screen was removed for the purpose of making the photograph 

green areas, and occasional yellow spots; and (3) mild dark-green 
mosaic, a type in which the dark or normal green is usually in excess of 
the light-green portion of the leaf, and yellow spots occur rarely. In 
young plants mild dark-green mosaic is very inconspicuous. 

The yellow mosaic, thought to be pure when collected, proved not 
to be free from the green type. In fact, it appears that the three 
viruses were present in some of the diseased plants collected. All the 
green mosaics collected have been studied on maturing tobacco plants, 
and all have produced yellow spots. Some of the light-green types 
developed yellow spots in all the inoculated plants. One of the 
mild dark-green forms has produced yellow spots on 2 of the 52 plants 
which have been inoculated. 

When yellow spots were removed from mosaic-affected leaves and 
inoculateu into young plants, a yellow type of mosaic developed soon 
after the inoculation. (Fig. 5, B.) By making several successive 
subinoculations from the increasing number of yellow spots, strains 
of concentrated virus of yellow mosaic have been developed. From 
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three to seven isolations and subinoculations have been required to 
accomplish this. Figure 7 shows a plant inoculated with such a 
concentrated virus. The yellow mosaics isolated thus far from 
Nicotiana glauca are similar in appearance to the yellow mosaic 
isolated by the writer (4) from cultivated tobacco having light-green 
mosaic. 

Yellow mosaics are very attractive and ornamental, but they are 
more destructive than the green types. When they are inoculated 
into tomato plants, a high percentage of killing frequently results. 
In some cases young tobacco plants have been killed, and in all cases 
tobacco plants are markedly stunted, and the lower leaves become 
very yellow and frequently are killed completely. 

One of the outstanding characteristics of the viruses of yellow 
mosaic is their ability to produce a general chlorosis on the old foliage. 



Figure 7.— Yellow mosaic on Connocticut-IIavana tobacco. The virus used was concentrated 
by isolating yellow spots from tobacco leaves (fig. 5, A) infected with light-green mosaic in- 
duced from virus collected on Nicotiana glauca. X Y\ 

Tobacco plants 30 inches tall at the time of inoculation have devel- 
oped chlorosis of the type shown in Figure 8 on all the leaves which 
were over 3 inches in length at the time of inoculation. 

The yellow mosaic pattern on the older leaves is quite distinct from 
that which occurs on the young leaves (fig. 7), and it is very distinct 
from the yellowing associated with senility. This chlorotic pattern 
occurs in a milder form on detached leaves which are inoculated with 
the virus of yellow mosaic and cultured in sand according to the 
methods of Purdy (. 0 ). Mottling is very pronounced on the stems and 
fruit of tobacco plants having yellow mosaic. (Figs. 9 and 10.) 

Many combinations of yellow and green mosaic symptoms have 
been produced by inoculating tobacco and tomato plants with extracts 
consisting of different proportions of viruses from yellow mosaic 
and light-green mosaic plants. Several of these synthetic combi- 
nations resembled yellow and green mosaics which the writer ob- 
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served on Nicotiana glauca in the Canary Islands, and on tomato 
plants in the southern United States. 



Figure 8.— -Mature leaf of Connecticut-Havana tobacco. This Figure 9. — Yellow mottling on a stem 

leaf was about 3 inches long and the plant was 36 inches tall at of Connecticut-Havana tobacco, in- 

the time of inoculation with a virus of yellow mosaic. The in- duced by a concentrated virus of 

oculation was made at the base of the stem. All leaves below yellow mosaic. X 1 

the illustrated leaf gradually developed this type of chlorosis 
and died prematurely. Leaves above this one developed a mot- 
tling more nearly like that shown in Figures 5, B, and 7. The 
dark area near the apex was normal green as compared with 
leaves of the same stage of development on healthy plants. X 

The light-green type of mosaic from Nicotiana glauca is very 
similar in appearance, when transferred to tobacco, to the light- 
green mosaic which occurs on tobacco in the United States, It is 
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especially like the light-green mosaic which the writer has studied 
on tobacco (5). Differences in the properties of the viruses may 
exist, however. 

The mild dark-green mosaic collected on Nicotiana glauca pro- 
duces very little mottling on tobacco in the early stages of the disease. 
The first indication of disease consists of a bleaching of the veins. 
The leaves may become slightly stunted and more or less deformed. 
Sometimes a very faint green mottling may be noted at this period, 
but in most cases no mottling is evident. The later leaves show less 



Figure 10.- Yellow mottling on the calyx and fruit of Connecticut-Havana 
tobacco, induced by a concentrated virus of yellow mosaic. Mosaic-free speci- 
men at upper left. X 1 


deformity. They are normal green in color, and no mottling can 
be detected. From three to five such leaves may develop. These 
are followed by three to five leaves which show very small, faint 
light-green mottlings as shown in Figure 11. This condition becomes 
more intense on subsequent leaves until a very pronounced mottling 
occurs. This mottling is characterized by very large light and dark 
green areas (fig. 5, C), and sometimes more than half of the leaf is 
solid dark green and the remainder solid light green. The margins of 
the leaves frequently turn downward, causing an inverted spoon 
effect as shown in Figure 12. This stage may be followed by one in 
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which a few leaves develop very small, faint, light and dark green 
mottlings as in the case of the earlier stage. These observations 
are based on more than 50 plants which grew to maturity. 

Thus far the mild dark-green 
mosaics have shown much less 
evidence of the yellow type than 
have the light-green forms, and 
at present it appears that the 
mild green types offer the best 
opportunity for obtaining a green 
mosaic free from yellow mosaic. 

The writer has isolated a 
mild dark-green form from a 
slightly mixed infection occur- 
ring in Nicotiana glauca collected 
on Grand Canary, and this virus 
seems to be free from viruses 
causing the yellow and the light- 
green types of mosaic. 

Inoculations have failed to 
transmit the mild dark-green 
mosaic of Nicotiana glauca to 
tomato plants grown from Can- 
ary Island seed as well as from 
American seed . The light-green 
and the j^ellow mosaics from N. 
glauca have been transmitted to 
tomatoes. Some of the tobacco 
mosaics of American origin have 
failed to produce symptoms in 
N. glauca collected on Teneriffe, 
but in some cases N. glauca has 
proved to be a carrier of these 
viruses after being inoculated. 
These same mosaics were trans- 
mitted by Johnson (2) to N. 
glauca from Italy, and symptoms 
were produced. From corre- 
spondence with Roy E. Clausen 
it is evident that all collections 
of N. glauca are not alike geneti- 
cally. It appears, therefore, that 
the "successful use of wild and 
domesticated hosts for differ- 
entiating viruses depends on 
the use of strains known to be 
homozygous for resistance or 
for susceptibility to a given 
mosaic. Ubviously, workers in 
this field can not accurately 
check one another's results until a stock of pure-line seeds is available. 

When tobacco plants with mild dark-green mosaic were reinoc- 
ulated with the virus of one of the writer’s yellow mosaics, the 



Figure 11.— Mild or faint mottling on Connecticut- 
Havana tobacco leaf, induced by a virus of mild 
dark-green mosaic collected on Nicotian a glauca in 
the Canary Islands. This mottling occurs in conjunc- 
tion with, tbetype illustrated in Figure 5, C. X H 
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former type became obscured and the plants showed the typical 
symptoms of yellow mosaic. When plants with one of the writer's 
light-green mosaics were reinoculated with the same virus of yellow 
mosaic no change in the symptoms occurred. The plants continued 
to produce typical light-green mosaic after three* reinoculations with 
the virus of yellow mosaic. 

Leaf deformity is very frequently associated with mosaic on tobacco 
and Nicotiana glauca. Some of these deformities (fig. 12) occur with 



Figure 12— Extreme leaf deformations produced on Connecticut-Havana 
tobacco inoculated with a virus obtained from mosaic-diseased Nicotiana 
glauca collected at Gibraltar. One midrib had no lamina and another 
possessed only a small portion of a lamina. X H 

considerable regularity regardless of special environmental conditions, 
whereas others (fig. 13, A) occur only under certain limited conditions 
and do not continue throughout the life of the plant. 

Some of the long narrow leaves shown in Figure 13, A, have distorted 
vascular elements. The veins are fused in many cases. Also the 
lamina is often distorted on the underside of the leaf forming liplike 
structures as shown in Figure 13, B. These leaf deformities are seem- 
ingly accentuated by reduced light, and they occur most frequently 
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in tobacco plants which are inoculated when very small. Woods 
(13) found that mosaic-affected tobacco produced deformed leaves 
after the plants had been cut back. The writer has obtained the 
same results with mosaic-affected tobacco plants and also with 



Figure 13.— Mosaic: on Connecticut-Havana tobacco: A, Deformed leaves of tobacco produced bv 
a light-green mosaic virus obtained from domestic tobacco. This plant was growui in shade dur- 
ing its early development after inoculation. This deformity does not continue as the plants 
develop, especially if they are given full sunlight. X B, A portion of the underside of a de- 
formed leaf showing the liplike structure in the lamina and the fusion of laterals with the midrib. X 2 

healthy plants. However, in both instances the leaf deformities did 
not continue throughout the life of the plants. 

Other species of mosaic-free Solanaceae behave in the same manner. 
This phenomenon was observed very commonly in slashings of solana- 
ceous perennials in' the bush and the mountain jungles in Africa. 
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MOSAICS IN WEST AFRICA 

The expedition reached Bathurst, capital of Gambia, early in 
January. Almost immediately a trip was made up the Gambia River 
to McCarthy’s Island, which is located in the savanna type of vegeta- 
tion. 

In a garden located in the native village of Sankule, near George- 
town, mosaic was found on tabasco pepper and on eggplants. It 
was found again on cultivated eggplants in Monrovia, Liberia. 

Colonial agricultural workers informed the writer that the rosette 
disease is very destructive on peanuts ( Arachis hypogaea L.) in Gam- 



Figure 14.— Light-green mosaic on leaves of cassava (A lanihot sx>.): A, Healthy leaf ;B-E, diseased 
leaves. Collected in Sierra Leone. X 1/4 


bia and in Sierra Leone. In some seasons this disease is the limiting 
factor in peanut production. The peanut crop had been harvested, 
and therefore it was not possible to observe rosette. This virus 
disease causes considerable damage in several regions in East, West, 
and South Africa {12). It has not yet been reported in the United 
States. 

In all the colonies visited, from Liberia to French Cameroon, 
mosaic was prevalent on Cayenne, chili, and tabasco types of pepper 
{Capsicum frutescens L.) and on several types of cassava {Manihot 
sp.). 
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The mosaic on pepper is of the green type. It is identical in 
appearance with the mosaic commonly found on peppers in the 
United States, and it has been transmitted successfully by the 
writer to healthy chili pepper plants. Doubtless this pepper was 
taken to the West Coast in the days of the slave trade with the 
West Indies and South America. 

The mosaic occurring on cassava is a yellowish green type and 
produces a considerable number of deformed leaves, as shown in 
Figure 14. Although this disease has not been studied, it has the 
appearance of an infectious mosaic, and it is considered as such 
by agricultural workers who are familiar with it. In many localities 

the diseased plants 
were very much 
stunted, and the crop 
undoubtedly was re- 
duced as a result. 

The tuberous roots 
of the cassava supply 
much of the starchy 
food of the inhabit- 
ants of the Tropics of 
both hemispheres, and 
the tapioca of com- 
merce is made from 
the starch derived 
from this plant. It 
seems apparent, there- 
fore, that this disease 
should be studied in- 
tensively. Several 
slightly diff erent kinds 
of cassava were ob- 
served in west Africa, 
and it is possible that 
some of these may 
offer an opportunity 
for making resistant 
selections. 

The disease was noticeably less abundant on the lower elevations 
of Cameroon Mountain in the vicinity of Buea. A larger number 
of mosaic-free pepper plants also were found there than elsewhere. 
The district is somewhat cooler than the others visited, and it is 
possible that this has some bearing on the reduced amount of mosaic. 

In Duala, French Cameroon, a yellow mosaic was found on 
Asy stasia coromandeliana Nees (fig. 15), a weed which is rather 
abundant in that district. Fleurya podocarpa Wedd., a nettle, 
found on a jungle roadside near Buea, British Cameroon, had yellow 
mosaic. 

The first evidence of mosaic on a cucurbit was found below Buea 
on Cameroon Mountain. A typical light-green type was found 
on Pfoyse$ra barteri Cogn., a native wild species. (Fig. 16.) This 
• mosaic resembled the one which occurs on the commercial cucumber 



Figure 15.— Yellow mosaic on Asystasia coromandeliana : A, Healthy 
leaf: B, diseased leaf. Collected near Buea, British Cameroon. X 1 
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in the United States. The leaves on the mosaic-free plants were 
much larger than the diseased leaves. 

Yellow mosaic (fig. 17) was found on a native cucurbit ( Moraor- 
dica charantia Linn.) at the Aburi Agricultural Experiment Station, 
Gold Coast, and on Kedrostis foetidissima Cogri. (fig. 18), a native 
cucurbit growing in a “bush island ” (fig. 19) on the Winneba Plain 
in the Gold Coast. Plants of Hibiscus calycinus (fig. 20) growing 20 
miles north of Accra, Gold Coast, also were found to have a yellow 
mosaic. 

Many plants of the calabash gourd ( Lagenaria leucantha Rusby), 
which were cultivated by the natives, were examined in all the 
colonies visited, but no suggestion of mosaic were found on this 
group of varieties. 

The pepper and the 
eggplant were the only 
solanaceous plants that 
were found affected with 
mosaic in west Africa. 

Tomatoes cultivated 
near Buea, British Cam- 
eroon, were free from 
mosaic. In Gambia a 
few tomatoes of the 
cherry type, found in a 
native garden, had what 
appeared to be a fern- 
leaf type of disorder. 

Attempts to transmit 
this condition to tobacco 
failed. 

Many wild species of 
Solanaceae were found in 
the Futa Jallon high- 
lands, French Guinea, 
and on the lower eleva- 
tions of Cameroon Moun- 
tain, but none showed 
mosaic. 

Bananas and plantains 
were growing in many 
of the colonies visited. 

When possible, the plants 
were examined for indications of mosaic and bunchy top, but there 
was no evidence of these diseases. 

Wild grasses were growing abundantly in the British and French 
Cameroons, in Fernando Po, and in parts of the Gold Coast. How- 
ever, many observations failed to reveal any suggestion of mosaic on 
a grass. 

Several types of sugar cane were found in all the colonies from the 
Gambia to the Cameroons. For the most part these plants were in 
native gardens. Some patches were found on the agricultural stations 
and farms, and one large planting was found near Cape Coast in the 
Gold Coast. Cane plants were carefully examined in all the localities, 
but no mosaic could be found. Infection experiments show that cane 



Figure 16. — Green mosaic on Physedra barteri. Collected near 
Buea, British Cameroon. X 2/3 
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plants, from stalks collected in west Africa, are susceptible to the cane 
mosaic prevalent in Louisiana. 



Figure 17.— Yellow mosaic on Momordica charantia: A, Healthy leaf; B, diseased leaf. 
Collected at Aburi, Gold Coast. X 1 


Figure 18.-— Yellow mosaic on Kedrostid foetidissima. Collected in a “bush island” on 
the Winneba Plain, Gold Coast. X 1 

While in the Gold Coast the writer was informed by the Colonial 
mycologist that the streak disease occurs on maize in that colony. 
The disease could not be observed, as the crop had been harvested 
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some time previously. This is a destructive virus disease which 
occurs on the East Coast of Africa, in Egypt, and also in South Africa. 
It has not yet been reported from the Western Hemisphere. 

From the literature and verbal descriptions obtained from workers 
who are familiar with streak, it appears to produce a stripe or streak 
which is similar in many particulars to the yellow mosaic associated 
with the green mosaic of wheat and other small grains. This yellow 
mosaic was mentioned and one type was illustrated by the writer 
several years ago ( 3 ). From the illustrations published by Storey 
(11), maize streak also resembles the Cuban maize stripe described by 
Stahl (10). 

It is possible that Stahl considers streak and stripe distinct, because 
he could not transmit stripe to sugar cane, and because Storey failed 



Fkjure 19. — Typical “bush islands” in the Winnetm Plain, Gold Toast 


to transmit streak with Peregrinus maidis Ashin., the vector for stripe. 
Illustrations of the two diseases are so similar that one is tempted to 
raise the question as to their possible identity in spite of vector dif- 
ferences. On the basis of published information it seems equally 
plausible that streak and stripe are identical and that Percgrinus 
maidis has biologic forms or races differing in their host preferences 
or in their ability to transmit a given virus. Certainly there is ample 
opportunity for such strain differences to manifest themselves in 
regions so widely separated as Africa and Cuba. 

There is no information on the problem of biologic forms within 
species of insects serving as plant-disease vectors, and it is believed 
that this problem must be thoroughly explored in order that there 
may be a better understanding concerning vector relationships and 
possible differences among certain viruses. 

76333 — 29 2 
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EXPERIMENTS WITH A MOSAICLIKE DISEASE OF PEANUTS 

When the writer was in Sierra Leone, E. Hargreaves, the colonial 
entomologist, called attention to a so-called mosaic on a few peanut 
plants he was carrying through the dry period in his compound at 
the agricultural experiment station at Njala, located more than 100 
miles inland from Freetown. The writer took parts of diseased and 
healthy plants back to the yacht for inoculum and for obtaining 

photographic records. 
(Fig. 21.) 

The tissue was placed 
in the ship’s cool room 
until young peanut 
plants were available 
for inoculation. Plants 
were ready for inocu- 
lation in a few days, and 
at this time it was found 
that many aphids liad 
been increasing on the 
diseased tissue. These 
were carefully removed 
to several of the young 
healthy plants. In from 
four to five days after 
this transfer was made 
the new leaves on the 
aphid-infested plants 
showed mottling identi- 
cal with that on the 
original material. The 
control ' plants, which 
had no aphids, were free 
from mottling. As only 
one lot of aphids was 
available it was not 
possible to determine 
the effects from insects 
which had fed on healthy 
plants. However, it was 
considered that in case 
the mottling were an in- 
fectious mosaic it would persist after the removal of the aphids. If 
it were the result of aphid attack, the plants would recover after the 
removal of the insects. 

The aphids were removed from part of the mottled plants by means 
of a soapsuds spray. On these plants the new foliage was free from 
mottling, whereas the mottling continued on the new leaves of the 
plants which still harbored aphids. The mo tilings developed again 
on the new foliage of recovered plants when aphids were allowed to 
feed on them again. The control plants which were kept free from 
aphids remained healthy. 

The mottling differed somewhat from that of the ordinary types 
of green mosaic, and, from the behavior of the disease, it seems likely 



Figure 20 — Yellow mosaic on leaf of Hibiscus calycinus. Col- 
lected near Accra, Gold Coast. X 1 
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that it is not a mosaic of the virus type. It seems to behave more 
nearly like some of the diseases of forage legumes which presum- 
ably are produced by the toxic products of certain species of leaf 
hoppers (8). 

Unfortunately, the aphids were lost before they were identified, 
and further effort is necessary before identification is possible. 

MOSAIC IN GIBRALTAR 

On returning to Gibraltar late in March, the writer spent several 
days collecting. On one of the collecting trips a plant of Nicotiana 
glauca was found growing from a crevice in the side of the rock facing 
the Mediterranean Sea near Europa Point. This plant was just 
within reach, and on examination it was found to have a mild form 
of green mosaic. The virus from the dried leaves of this plant pro- 
duced mosaic in tobacco plants one year after the collection was 
made. This mosaic has been studied only in a preliminary way. 
It appears to be very similar to the mild dark-green types collected 



Figure 21. —Leaves of peanut; ( Arachin hypoaaea ): A, Healthy; B, mosaiclike mottling caused by 
aphids. Collected in Sierra Leone. X yio 


in the Canary Islands. It frequently produces extreme leaf deformity, 
as shown in Figure 12. 

DISCUSSION 

The writer recognizes the importance of making inoculation tests 
before concluding definitely that a chlorotic condition is an infectious 
mosaic. It has not been possible to make inoculation tests with all 
of the collections, and it is possible that some of the mosaics described 
are not caused by viruses. However, in all the cases described, the 
symptoms were very typical for green or for yellow types of mosaic. 

Mosaics of Nicotiana glauca obtained on Grand Canary, Toneriffe, 
and Gibraltar are of considerable experimental interest. 

The collections from the Canary Islands have been studied more 
thoroughly than the others, and it has been found that each mosaic- 
diseased specimen was affected by more than one type of mosaic. 
In all cases a yellow mosaic is associated to a greater or less extent 
with the green type, and in some cases it appears that two green 
mosaics and the yellow type are associated in the same plant. 
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Evidence obtained thus far indicates that the yellow mosaic is 
associated more generally with the light-green mosaics, and at the 
present time the mild dark-green types seem to offer an opportunity 
for obtaining a single virus of green mosaic. 

It is of especial interest that each of the 17 viruses of light-green 
mosaic which have been tested on tobacco, and in some cases on 
tomato, contains virus of yellow mosaic. These viruses were obtained 
from seven different States in the United States and from Hawaii, 
England, and the Canary Islands. 

If these associations of green and yellow mosaic, which appear to 
be rather general, are due to simple admixtures of two independent 
types or strains of virus, it would seem that there would be more 
evidence of a relatively pure yellow mosaic in fields of tobacco and 
tomatoes and in wild Nicotiana glauca. The writer has observed 
yellow mosaic most frequently in sou them -grown tomatoes, but 
even in this case the number of plants has been exceedingly small 
in comparison with the large number in which green mosaic pre- 
dominated. The fact that a yellow mosaic was not reported on 
field tobacco until recently by Johnson (2) is good evidence that this 
form is much less general than the green types. 

A satisfactory interpretation of the yellow and green mosaic asso- 
ciations can not be given at this time because so few data are avail- 
able. It is possible that these are a simple admixture of independent 
viruses comparable to a mixed infection of two or more species of 
fungi. However, it seems entirely possible 'that viruses may become 
altered locally in the plant, thus producing mutations, to use this 
term in its broadest meaning. 

No attempt has been made to classify the viruses causing the 
mosaics described in this paper. This can not be done until studies 
now under way have been advanced. Any method of classification 
depends largely on the purity of the viruses under study. Johnson’s 
work shows that differential hosts, heat, and chemical treatments 
assist greatly in separating types of viruses. However, there are 
instances in which these methods have not yet proved effective, as 
in the case of the association of the yellow and green mosaics de- 
scribed previously (4). 

The writer’s work shows that ' the studies on virus purification 
and classification should not be confined to young plants. In many 
cases plants must be carried to maturity in order to determine mix- 
tures of viruses and to obtain a full knowledge of the symptom 
produced by a given pure virus. 

It appears also that classification work should be based on host 
material which is homozygous for resistance or susceptibility to the 
mosaics being tested. Also, attention should be directed to the 
influence of toxic or other plant products on the behavior of a given 
virus after it has been passed through several species of hosts. The 
importance of homozygous host plants has been strikingly evident 
in the work on wheat mosaic. In the case of tobacco, the writer 
obtains seed from a single plant of known history and propagates it 
vegetatively in the greenhouse under conditions which prevent its 
receiving pollen from other plants. 

It is not known how general the association of yellow and green 
types may be among the mosaics of other groups of plants. This 
"association was 6bserved in winter wheat (3) in 1920 near Granite 
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City, 111., and it has been evident in experimental plot tests con- 
ducted since that time. Experiments show that yellow mosaic, 
occurs more frequently in certain species of small grains , and in cer- 
tain varieties within a given species. Further study is required to 
determine whether the yellow and green mosaic association in the 
small grains is in any way analogous to the one occurring in the So- 
lanaceae. Results obtained thus far seem to indicate that the symp- 
toms of mosaic types in the small grains are influenced in part by 
genetic factors in the hosts. 

Yellow mosaics are more devastating than the green types that 
have been observed, and it is fortunate that they are rare. 

SUMMARY 

In the Canary Islands green mosaics were found on Solanum 
tuberosum, Nothoscordurn fragrans, Capsicum jrutescens var. grossum, 
Fuchsia magellanica gracilis, Psoralea bituminosa, and Nicotiana 
glauca. Yellow mosaic was found on three plants of N. glauca. 

Experimental studies have been carried out with Connecticut- 
llavana tobacco inoculated with viruses from the 10 mosaics col- 
lected on Nicotiana glauca in the Canary Islands. The results of 
these tests show that the green forms of mosaic are of two types, 
a light green and a mild dark green. The green forms that have 
been studied thoroughly were found to contain, to a greater or less 
degree, traces of a yellow mosaic virus which can be concentrated 
by successive spot isolations and subinoculations. The light-green 
mosaics develop more yellow mosaic spots than do the mild dark- 
green forms, and it appears that a strain of the latter has been 
isolated which is free from viruses of the yellow and the light-green 
mosaics. 

In west Africa green mosaics were found on eggplant, pepper, 
Manihot sp., and Physedra barteri. Yellow mosaics were observed 
on Fleurya podocarpa, Asy stasia coromandeliana, Mmnordica charantia , 
Kedrostis foetidissima, and Hibiscus calycinus. 

The rosette disease occurs on peanuts in Gambia and Sierra Leone, 
and maize streak occurs in the Gold Coast. 

In Sierra Leone a mosaiclike mottling occurs on peanuts. This 
is produced by aphids and seems not to be caused by a virus. 

In Gibraltar mild dark-green mosaic was found on Nicotiana glauca. 
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STUDIES OF FIRE BLIGHT OF APPLE IN WISCONSIN 1 

By P. W. Miller 2 

Instructor in Plant Pathology , Wisconsin Agricultural' Experiment Station 
INTRODUCTION 

Fire blight, caused by Bacillus amylovorus (Burr.) Trev., is one of 
the major diseases of pomaceous fruits. The destructiveness and 
widespread occurrence of this disease have contributed toward 
making it the subject of numerous investigations. Inasmuch as 
most of the voluminous literature which has resulted has been well 
reviewed by Jones (77) 3 , Stewart (28), Brooks (J),and others a general 
review of literature appears to be unwarranted. Such discussions 
of previous work as seem necessary appear in the body of the paper 
under appropriate headings. 

Fire blight varies greatly both in severity of occurrence and in 
difficulty of control. In Wisconsin, epidemic outbreaks are frequent 
and destructive. Numerous attempts of the apple growers of this 
State to control the disease by the commonly recommended methods 
have been attended with but indifferent success. This variability in 
the severity of occurrence of fire blight and the difficulty of its con- 
trol in epidemic years have led to further studies of the disease under 
local conditions. In these studies it seemed advisable to seek first a 
more adequate understanding of the course of disease development 
in relation to variability. Two correlated lines of study were under- 
taken: (1) Studies of the development and control of the disease in 
relation to the natural environment and (2) detailed studies under 
partly controlled conditions in the laboratory and greenhouse of 
certain phases of the life history of the causal organism in relation 
to pathogenesis. 

DEVELOPMENT OF THE DISEASE IN RELATION TO THE 
NATURAL ENVIRONMENT 4 

SEASONAL DEVELOPMENT RECORDS 

Blossom development of five of the more important apple varieties 

f rown at Gays Mills, Wis., was followed from the time the cluster 
uds began to open until petal fall. From the data gathered the 
blooming periods of each of the varieties under observation were 
determined. These data are expressed graphically in Figures 1 to 3. 
Twig development was followed by tagging and measuring at fre- 
quent intervals 20 terminal twigs, representatively distributed, on 


1 Received for publication Mar. 26, 1929; issued October, 1929. Published with the approval of the 
director of the Wisconsin Agricultural Experiment Station. This article was submitted by the writer to 
the graduate faculty of the University of Wisconsin in partial fulfillment of the requirements for the degree 
of doctor of philosophy. 

* The writer wishes to express his indebtedness to Dr. G. W. Keitt, under whose direction this work was 
done, for suggesting the importance of the problem and for helpful suggestions and constructive criticisms 
during the progress of the investigation and the preparation of the manuscript. Grateful acknowledg- 
ments are also made to Prof. L. R. Jones and Dr. A. J. Riker for helpful advice, and to the stockholders 
and manager of the Kickapoo Development Company of Gays Mills, Wis., for their cordial cooperatioa 
in making the field studies possible. 

3 Reference is made by number (italic) to “ Literature cited," p. 620. 

4 Studies of the development of the disease in relation to the natural environment were conducted inc >m- 
meroial orchards at Gays Mills, Wis. For three growing seasons (1926-1928) the writer lived In a l ill 
laboratory In the orchards, thereby gaining an excellent opportunity for daily observations and records. 
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each a resistant and on a susceptible variety. From the data ob- 
tained the average length of the current year's growth in inches 
was computed. (Figs. 1-3.) 



A number of cankers which appeared likely to be active were tagged 
before any bacterial exudate was apparent. These cankers were 
examined daily, and the dates on which they started to exude and 
the subsequent dates of exudation were noted. Tags were placed 
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on 500 blossom clusters and 150 twigs representatively distributed 
on a number of Fameuse trees, and daily visits were made to each 
cluster and twig to determine whether blighting had taken place. 



The results of these studies are presented graphically m Figures 1 to 
3 in terms of the average daily increase in the percentage of terminal 
twigs and blossom clusters blighted. 




gg2 Journal of Agricultural Research voi. 39 , no. 8 


Studies of the development of the disease 1^^ 

were supplemented by artificial inoculation experm^its. Unopened 
blossoms in the green- tip and early closed-cluster stages of develop- 
ment, and succulent twigs were inoculated from time to time by 
making wounds in the tissues with sterile needles and atomizing pure 



nutrient broth cultures of Bacillus amylovorus upon the wounded 
surfaces. Open flowers were inoculated at intervals starting from 
the time the blossoms first opened and continuing until several days 
after petal fall. These inoculations were made by spraying pure 
broth cultures of B. amylovorus into the receptacle cups with an 
atomizer. Before and after inoculation the unopened and open 
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blossoms were protected from natural infection by bagging. Daily 
visits were made to the inoculated blossoms and twigs and the incu- 
bation periods determined. The incubation periods as shown by 
these experiments appear in Figures 1 to 3. It is recognized that the 
data gathered in these studies on seasonal development are to be 
interpreted as approximately representative rather than as quan- 
titatively exact. 

METEOROLOGICAL RECORDS 

The relative humidity and air temperature were recorded by means 
of a hygrothermograph which was housed in a standard instrument 
shelter set about 4 feet above the ground. The instrument was 
adjusted at frequent intervals by means of a sling psy chrome ter and 
a standardized thermometer. 

Records of rainfall were taken by means of a standard rain and 
snow gauge. 

DISCUSSION OF RESULTS 

Yearly graphic summaries of disease development and meteorologi- 
cal data appear in Figures 1 to 3. While a more detailed analysis 
of these data will be presented later in gelation to the various topics 
to which they are pertinent, it may be noted here that natural infec- 
tion periods in both blossoms and twigs appear to be closely correlated 
with rain periods. Symptoms of the disease commonly became 
evident after a normal incubation period following rains, as was 
revealed by the inoculation experiments reported. The fact that 
twig blight begins to become manifest at approximately the same 
time as blossom blight is of striking significance in relation to the 
mode of dissemination of the natural inoculum. (See p. 588.) 

FIELD STUDIES OF THE DEVELOPMENT OF EPIDEMICS 

Fire-blight epidemics in Wisconsin are frequent and often very 
destructive. In some years the disease may be mild in its attack in 
one locality and severe in others. A knowledge of the chief factors 
concerned in the development of blight epidemics is obviously of 
great importance in relation to the control of this disease. It is 
sought in the following pages to trace the development of epidemics 
and to define critical periods in their occurrence and control. 

MODES OF OVERWINTERING OF THE CAUSAL ORGANISM 
Hold-over Cankers 

The work of Waite (31), Whetzel (84), Jones (17), Brooks (5), 
and others has called attention to the fact that Bacillus amylovorus 
lives through the winter in the different hosts which it attacks largely 
in association with certain cankers which are known as “hold-overs.” 
Only a comparatively few of the cankers formed in any one year, how- 
ever, overwinter the causal organism, as most of the cankers are 
inactivated soon after their formation. Brooks (5) reports that 8 
per cent of the cankers examined in Fameuse apple trees in 1925 were 
found to be hold-over sources of primary inoculum. The present 
writer found that 6 per cent of the cankers examined in Fameuse apple 
trees in 1926 overwintered the bacteria and in 1927, 7 per cent of those 
examined in this variety were hold-overs. In this work the (extension 
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of the margins of the cankers in the spring and the production of 
exudate from the surface of the discolored areas have served to indicate 
those cankers which overwintered the causal organism. Only 3 
per cent of the cankers examined in Fametise trees in 1928 over- 
wintered the bacteria. This scarcity of overwintering sources of 
primary inoculum may explain, in part, the sparse development of 
blight in 1928. While the percentage of cankers which overwinter 
the causal organism in cultivated apple trees is relatively small, it 
is usually sufficient, under Wisconsin conditions, to furnish a plentiful 
source of inoculum for primary infection in moderately or heavily 
infected orchards of the varieties which favor overwintering. 

RELATION OF VARIETY OF APPLE 

There is $ marked difference in the amount of overwintering which 
commonly occurs in the various commercial apple varieties grown in 
Wisconsin. In the course of certain studies in 1924 and 1925 Brooks 
( 5 ) observed this variation and states that “of 24 varieties of apple 
observed, the following were found to overwinter the organism and 
are listed in the order of their importance in this respect in the situa- 
tions studied: Transcendent, Hyslop, Yellow Transparent, McMahon, 
Wealthy, Fameuse, Tolman Sweet, McIntosh, and Dudley/' While 
the present writer has made no attempt to classify all the varieties 
grown in Wisconsin in respect to their importance in overwintering 
the fire-blight organism, marked differences in this regard have been 
noted during the course of these studies. In each year that this 
disease has been studied by the writer the Fameuse, Transcendent, 
Yellow Transparent, and Wealthy varieties were found to bear a 
much larger percentage of hold-over cankers than the McIntosh, 
Dudley, or Northwestern Greening. The Fameuse and Trans- 
cendent varieties were found to be particularly serious sources of 
primary incoculum as they contained the largest percentage of hold- 
over cankers in the varieties studied. (Table 1.) Such variations 


Table 1 . — The per cent of cankers in certain apple varieties found to overwinter 
Bacillus amylovorus , Gays Mills , Wis. f 1926-1928 


Year and variety 

Cankers 

examined 

(number) 

Cankers active 

1926 


Number 

Per cent 

Fameuse 

265 

15 

ft 

Wealthy __ 

328 

8 

2 

1927 




Fameuse- 

2, 200 

146 

- 

Wealthy.... 

522 

9 

2 

Dudley . . 

375 

1 

0 

McIntosh.. 

13 

0 

0 

1928 




Fameuse _ 

1,483 

38 

3 

Wealthy 

31Q 

2 

1 

Dudley 

310 

1 

0 
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in the amount of overwintering which commonly occur in apple 
varieties may explain, in part at least, the failure of certain investi- 
gators to find overwintering sources of primary inoculum in certain 
localities. It is obviously difficult to find hold-over sources of pri- 
mary inoculum in varieties which do not commonly overwinter the 
pathogene. 

RELATION OF TYPE OF CANKER 


An extensive examination of numerous cankers in 1926, 1927, and 
1928 revealed an apparent relationship between the type of canker 
and its hold-over potentialities. For the most part those cankers 
which showed no line of delimitation about the periphery of the 
discolored areas in the fall were the ones most likely to carry the 


blight organism over the winter. In this 
type of canker the brownish, discolored por- 
tion merges into the apparently healthy 
tissues. (Fig. 4.) Those cankers which 
have a definite line of demarcation about 
the periphery of the cankerous area outside 
of which the bark shows no discoloration 
whatever are usually inactive and seldom 
carry the pathogene from one season to the 
next. In some instances, however, the bark 
surrounding the margin of certain delimited 
cankers is discolored. Such cankers often 
become active the following year. 

POSITION OF THE BACTERIA IN HOLD-OVER 
CANKERS 

On the basis of work done on the pear, 
Jones (17) states that the blight organisms 
“live over winter, not in the dead cankered 
tissue, but in the living bark immediately 
surrounding the cankered area.” Brooks 
(5) concluded from a series of isolations 
from apple cankers that in the apple, as in 
the pear, the blight bacteria overwinter, not 
in the dead tissues of the canker, but in 



the apparently healthy tissues adjacent to 

the dead areas. Essent ially the same results ker. The arrow points to t he type 
were obtained by the writer in studies on thTover'- 

the position of the bacteria in overwintering teria tlrtve 

apple cankers, although in one instance 

blight bacteria were isolated from the central portion of a hold-over 


canker. (Table 2.) Blight bacteria were recovered in a large per- 


centage of the attempts from the tissues adjacent to the discolored 
margins of the cankers. All efforts to isolate the organism from appar- 
ently healthy tissues 2 inches beyond the discolored margin failed. 
From the work of Jones (17), Brooks ( 5 ), and the writer it seems 
fairly certain that the blight bacteria do not commonly overwinter 
in the brown discolored tissues of the canker, but that they are carried 
from one season to the next in the tissues immediately surrounding 
the periphery of the discolored margin of the canker. (Fig. 4.) 
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Table 2. — Results of attempts to isolate Bacillus amylovorus from apple cankers 9 


Series and dates of platings 


Series 1, Apr. 11, 1926- 
Series 2, Feb. 28, 1927- 


Part of canker from which platings were made and results of trials 


Discolored center 

Living tissue 1 to 2 
mm. beyond margin 

Living tissue 2 Inches 
beyond margin 


Results 


Results 


Results 

Trials 

Posi- 

tive 6 

Nega- 

tive 6 

Trials 

Posi- 

tive 

Nega- 

tive 

Trials 

Posi- 

tive 

Nega- 

tive 

Num- 

ber 

8 

25 

Num- 

ber 

1 

0 

Num- 

ber 

7 

25 

Num- 

ber 

8 

24 

Num- 

ber 

7 

3 

Num- 

ber 

1 

21 

Num- 

ber 

8 

25 

Num- 

ber 

0 

0 

Num- 

ber 

8 

25 


• Smooth-margined cankers on cut branches of Fameuse variety from Gays Mills. 
h Positive— B. amylovorus isolated. 
c Negative— B. amylovorus not isolated. 

Few investigators have made histological studies to determine the 
mode and place of overwintering of the fire-blight bacteria. Nixon 

(21), after a series of 
such studies, concluded 
that Bacillus ar/iylovo- 
rus overwinters in an 
encysted condition 
within the cells. As 
further information on 
the mode and place of 
overwintering seemed 
desirable, a histological 
study was made of sev- 
eral smooth-margined 
cankers collected dur- 
ing the winter. Blocks 
of tissue, approximate- 
ly 2 mm. square, from 
the center of the can- 
ker, from the living 
bark at the periphery 
of the canker, and from 
the apparently healthy 
bark 2 inches from the 
discolored margin, were 
fixed in formal acetic 
alcohol, embedded in 
paraffin, and sectioned. 
The sections were 
stained with rose bengal (Conn, 7) and light green. No bacteria were 
found in the tissues taken from the central portion of the canker. 
However, in the tissues taken from the region just beyond the margin 
of the canker bacteria were found within the sieve tubes of the phloem. 
In many instances the bacteria were present in such numbers in the 
Cells that the individual rods could be distinguished only with diffi- 



Fjguke 5. — A hold-over blighted apple twig; the blight has extended 
down the twig and affected the two twigs of the current year’s 
growth 
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culty. However, in no instance has a wall or sac been observed about 
the bacterial masses other than the cell wall of the sieve tube. The 
presence of true cysts, therefore, in overwintering blight cankers has 
not been verified in these experiments. In the apparently healthy 
tissues 2 inches from the margin of the canker no bacteria were 
found. 

Hold-over Blighted Twigs 

Brooks (< 5 ) has shown that blighted apple twigs play an important 
role as sources of primary inoculum. His observations have, in the 
main, been confirmed by the writer. In some varieties a compara- 
tively large number of blighted twigs (fig. 5) were found to over-winter 
the bacteria. In each of the three years that this disease was studied 
in the field the largest percentage of blighted twigs found overwinter- 
ing the organism were on trees of the Fameuse variety. (Table 3.) 

Table 3. — The per cent of blighted apple twigs overwintering Bacillus amylovorus 
in certain apple varieties , Gays Mills , Wis., 1926-1928 


Year and variety 


1020 

Fameuse 

McMahon. ... . 

Wealthy 


1927 

Fameuse. 

Wealthy 

McIntosh ....... 

Dudley 


1928 

Fameuse . _ . 

Wealthy 

Dudley 

McIntosh 


Blighted 
twigs ex- 
amined 
(number) 


1, 114 
406 
500 


Overwintering 
blighted twigs 


Number 


Per cent 


100 9 

5 1 

1 0 


1,449 

1,701 

342 

614 


49 

2 

1 

1 


3 

0 

0 

0 


1,581 15 1 

500 2 0 

670 2 0 

260 0 0 


The size of blighted twigs which overwinter Bacillus amylovorus 
varies considerably. In 1926 the writer measured a number of twigs 
which had blighted the previous year and which w T ere found to be 
overwintering the organism. A few of these measured only one-eighth 
inch in diameter at the point where the discolored tissue merged into 
the apparently healthy tissue. However, the great majority of over- 
wintering twigs averaged approximately one-fourth inch in diameter. 
The size of the blighted twigs does not, therefore, limit overwintering* 

RELATION OF THE POSITION OF THE HOLD-OVER SOURCES OF PRIMARY INOCULUM 
TO SUBSEQUENT DISEASE DEVELOPMENT 

The position of hold-over cankers and overwintering blighted twigs 
in the trees seems to be of importance in determining the amount of 
current blossom and twig blight which develops. Observational evi- 
dence indicates that in those cases in which the overwintering sources 
of primary inoculum are found on limbs in the upper portion of the 
trees a comparatively large amount of both blossom and twig blight 
usually develops, if conditions are favorable, in the general region 
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below. On the other hand, in those trees in which the hold-over 
cankers occur in the crotch or on a limb near the ground line, little 
primary infection usually develops. 

DISSEMINATION OF THE PRIMARY INOCULUM 

The exact mode of dissemination of the inoculum which first estab- 
lishes the fire-blight organism in the current year’s growth is, ob- 
viously, of great potential importance in relation to control measures. 
Careful consideration was, therefore, given to the factors concerned 
in the spread of the primary inoculum. 

Relation of Insects 

The classic studies of Waite (SO) clearly demonstrated that bees 
and other pollinating insects may carry the bacteria from blossom 
to blossom where they induce blighting. The mode of dissemination 
of the primary inoculum from hold-over sources to the blossoms and 
other susceptible parts has not been clearly demonstrated, however, 
either by observation or experiment. The prevailing idea has been 
that insects carry the inoculum from cankers where the organism 
overwinters to the susceptible parts of the current year’s growth. 
Brooks (5) has suggested the possibility that some of the initial 
infection of the fruit spurs and twigs may be brought about by 
inoculation by aphids. He found them crawling up and down the 
large branches and also upon the trunks, and he states that “in their 
wanderings they traveled over exuding cankers and were observed 
many times to be caught in the bacterial exudate.” Observations 
and experiments conducted by the writer at Gays Mills for three 
consecutive seasons, however, have failed to confirm the view that 
insects are important agents of dissemination of the primary inoculum 
under Wisconsin conditions. In support of this conclusion the follow- 
ing observations and experiments are cited : 

(1) Although many hours were spent watching exuding cankers 
early in the spring in 1926, 1927, and 1928, pollinating or other insects 
have never been observed by the writer feeding upon or in contact 
with the exudate coming from the hold-over sources of primary 
inoculum. 

(2) In each of the three years that this disease has been studied 
in the field there was a dearth of insects in the orchards in the spring 
and only a relatively few aphids and leaf hoppers were found until 
later in the season. 

(3) Despite the scarcity of insects, numerous blight infections were 
found in the spring. The blight became apparent early and occurred 
in all the observed cases beneath hold-over sources of primary inocu- 
lum. 

In the latter part of May, 1927, a few ants were observed passing 
over an exuding canker on their way to and from aphids, but extensive 
observations have failed to indicate that they are of importance in 
the initial spread of the disease. The r61e of insects in the spread of 
the primary inoculum appears to be less important, therefore, than 
has commonly been thought and needs to be reevaluated. 

Relation of Meteoric Water 

Although Gossard and Walton (10) and Brooks (5) called attention 
to the spread of fire blight by meteoric water they did not recognize 
the importance of this agency as a disseminator of the primary 
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inoculum. Gossard and Walton (70, p. 107) state that “* * * 

raindrip does not become an agent of dissemination until primary 
centers of infection have been established, in nearly all cases, by 
insects.” The conditions encountered at Gays Mills, in the seasons 
of 1926 to 1928, inclusive, have offered a very favorable opportunity 
to follow the details of dissemination of the primary inoculum under 
natural conditions. In 1926 and 1927 young blossom clusters and 
leaf buds were found blighted well in advance of the opening of the 
blossoms and at a time when there was a striking dearth of insects 
which might have carried the bacteria from sources of primary inocu- 
lum. These diseased blossom and leaf buds were grouped beneath 
and in the vicinity of exuding cankers or overwintering blighted 
twigs so that conelike areas of infection resulted, with the sources of 
primary inoculum at the apices of these areas. The earliest infec- 
tions of both open-blossom clusters and young shoots have also been 
observed to occur, almost without exception, below hold-over cankers 
or twigs in positions favorable for water-borne dissemination of the 
bacteria from these sources. The further fact was observed that the 
earliest infections of young shoots became evident at approximately 
the same time that blossom infections beejune manifest (figs. 2 and 3), 
and in many instances blighted blossoms and shoots occurred to- 
gether in the same infection area. 

Additional evidence of the importance of meteoric water in dis- 
seminating the primary inoculum was obtained from statistical 
studies conducted in the field in 1926 to 1928, inclusive. In each 
of these years the earliest blossom infections were found beneath 
exuding sources of primary inoculum. A close correlation was found 
to exist between the abundance of hold-over lesions in the trees and 
blossom infection. The writer’s attention was first directed to 
this relationship in 1926 during the course of a survey of a group 
of Transcendents which were growing in the midst of a tract of 
McMahon apple trees. These Transcendents, of which there were 
only four, stood within 200 feet of one another, and each tree had 
approximately the same number of blossom clusters. In two of 
the trees (Table 4) there was considerable blossom blight, whereas 
in the other two only an occasional blighted blossom cluster could 
be found. The diseased clusters in trees 1 and 2 were found only 
in certain portions of the trees and were grouped in conelike areas 
of infection. At the apices of these blighted areas hold-over cankers 
were found. 

Table 4. — The relation between the abundance of sources of 'primary inoculum 

and the development of blo8so?n blight on Transcendent apple , Gays Mills , Win., 

1926 


Tree N< 


1 

2 

3. 

4 . 


1 Sources of primary 

J inoculum observed ■ 

Blossom 

dusters 

Cankers 

Twigs 

blighted 

Number 

Number 

Per cent 

3 

0 

23 

] 

0 

15 

0 

0 

0 

0 

0 

0 
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Further evidence of the importance of meteoric water as an agent 
of dissemination of the primary inoculum was obtained from studies 
of the relation of the abundance of overwintering sources of primary 
inoculum to blossom-blight development in Fameuse trees in certain 
of the control plots at Gays Mills in 1926, 1927, and 1928. In these 
plots an attempt was made to remove all cankers and blighted twigs 
while the trees were dormant. In several plots, however, a number 
of hold-over cankers and overwintering blighted twigs were over- 
looked during the excision process. Blossom-blight counts made in 
these plots revealed a close correlation between the abundance of 
overwintering sources of primary inoculum in the trees and the 
amount of blossom blight. (Table 5.) In some instances where 
the hold-over lesions were located on the lower limbs or in the crotches 
of trees in situations unfavorable for water-borne dissemination of 
the inoculum this correlation was not so apparent. 

Table 5. — The relation of local sources of primary inoculum to the development, of 
blossom blight on Fameuse apple in plots where excision had been practiced ,» 
Gays Mills , Wis ., 1926-1928 


Year and tree 
No. 

Blossom clus- 
ters 

Hold overs h 

Year and tree 
No. 

Blossom clus- 
ters 

Hold overs 

Exam- 

ined 

Blight- 

ed 

Cank- 

ers 

Twigs 

Exam- 

ined 

Blight- 

ed 

Cank- 

ers 

Twigs 


Num- 

Per 

Num - 

Num- 


Num- 

Per 

Num- 

Num- 

1926 

ber 

cent 

ber 

ber 


ber 

cent 

ber 

ber 

1 

121 

1 

0 

0 

41 

151 

14 

0 

1 

2 

45 

0 

0 

0 

42 

55 

0 

0 

0 

3 

62 

4 

0 

o 

43- . . 

134 

33 

2 

0 

4 

113 

33 

1 

0 

44 

129 

3 

0 

0 

5 _ 

108 

44 

2 

45 

100 

0 

0 

0 

6 

100 

0 

0 

o 

46 

100 

0 

0 

0 


103 

3 

0 

0 

1 

47... 

100 

0 

0 

0 

8 

166 

48 

2 

48. 

11? 

14 

1 

0 

9 

129 

22 

0 

1 

1 

49 

101 

1 

0 

0 

10 

112 

11 

0 

50 

63 

5 

0 

0 

11 

50 

0 

0 

0 

51 

141 

43 

3 

0 

12..- 

50 

0 

0 

0 

52 

100 

0 

0 

0 

13 

50 

0 

0 

0 

53 

107 

6 

0 

1 

14 

100 

0 

o 

o 

54 

60 

0 

0 

0 

16 - 

50 

0 

0 

0 

55 

116 

1 

0 

0 

16 

100 

0 

o 

o 

56 . . 

70 

0 

0 

0 

17 1 

101 

] 

0 

0. 

57 1 

120 

5 

0 

0 

18. -J 

77 

0 

0 

0 

i 





19 

52 

4 

0 

0 

1927 





20 

50 

o 

0 

1 

o 

1 

60 

0 

0 

0 

21 

86 

37 

o 

2 

75 

0 

0 

0 

22 - 

50 

0 

0 

0 

3 

51 

2 

1 

0 

23.. J 

111 

to , 

3 

0 

4 ; 

50 

0 

0 

0 

24 

70 

0 

0 

0 

5 ’ 

111 

1 

0 

0 

26 

50 

0 

0 

0 

6 

85 

0 

0 

0 

26 

40 

0 

0 

0 

7 

191 

1 

0 

0 

27. 

75 

33 

1 

1 

8 

78 

4 

0 

0 

28 

142 

44 

3 

o 

9.. . 

127 

2 

0 

2 

29 

100 

0 

0 

0 

10 

211 

3 

0 

1 

30 

104 

4 

0 i 

0 

ll-._- 

111 

1 

0 

0 

31 

95 

7 

0 

0 

12 

278 

6 

0 

0 

32 

83 

19 

1 

3 

13 

225 

11 

0 

3 

33 

96 

11 

1 

o 

14 

144 

6 

1 

0 

34. 

75 

0 

0 

ft 

15- 

141 

1 

0 

0 

36 

65 

0 

0 

0 

16 

69 

6 

0 

0 

36 

127 

8 

0 

0 

17 

140 

0 

0 

0 

37 

56 

11 

1 

0 

18 

80 

0 

0 

0 

38 ... 

90 

55 

- 4 

0 

19 

140 

0 

0 

0 

39.. 

51 

39 

2 

0 

20 

200 

0 

0 

0 

40 

101 

1 

0 

0 

21 

85 

6 

0 

1 


• Blossom-blight counts were made usually the third week after petal fall. In determining the percent- 
age of blossom blight, flower clusters in all parts of the tree were examined so as to obtain representative 


h Sources of primary inqculum observed , For the most part, the blight infections observed were grouped 
benebth and in the vicinity of these hold-overs. 
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Table 5 . — The relation of local sources of primary inoculum to the development oj 
blossom blight on Fameuse apple in plots where excision had been practiced , 
Gays Mills , Wis., 1926-1928 — Continued 


Year and tree 

Blossom clus- 
ters 

Hold overs 

No. 

Exam- 

ined 

Blight- 

ed 

Cank- 

ers 

Twigs 

22 

Num- 

ber 

105 

Per 

cent 

0 

Num- 

ber 

0 

Num- 

ber 

0 

23. 

100 

0 

0 

0 

24 

205 

44 

4 

3 

25 

135 

0 

0 

0 

20 

152 

8 

0 

1 

27 

278 

1 

0 

0 

28 

112 

2 

0 

0 

29 

199 

2 

0 

0 

30 

214 

2 

0 

1 

31 

70 

2 

0 

0 

32.. 

130 

0 

0 

0 

33 

71 

1 

0 

0 

1928 

1 

110 

0 

0 

0 

•> 

120 

0 

0 

()• 

3 

40 

0 

0 

0 

4 - 

150 

O 

0 

0 

r, 

200 

0 

0 

0 

0- - 

100 

0 

0 

0 


200 

0 

0 

0 

8 

120 

0 

0 

0 

9 - 

130 

o ! 

0 

! 0 

10 . 

130 

0 , 

0 

0 

11 

100 

0 : 

0 

0 

12 

100 

1 0 i 

0 

0 

13. . - 

110 

o ; 

0 

0 

14 

90 

i o ; 

0 

0 

15..- 

100 j 

n 

1 

0 

10 

140 | 

i 

0 

0 

17 

130 j 

o ; 

0 

0 

18. 

75 j 

i ; 

0 

0 

19 

175 

o ; 

0 

0 

20 

140 1 

0 | 

0 

0 

21 

75 ! 

o ; 

0 

0 

22. 

90 i 

0 

0 

0 

23 

100 

0 

0 

0 

24 

225 

0 i 

0 

0 

25. 

00 

0 I 

0 

0 

20 

130 

0 

0 

0 

27 

140 

0 ! 

0 

0 

28- 

00 

0 1 

0 

0 

29. 

1 

115 

°l 

0 

0 


Year and tree 
No. 

* Blossom clus- 
ters 

Hold overs 

Exam- 

ined 

Blight- 

ed 

Cank- 

ers 

Twigs 


Num- 

Per 

Num- 

. 

Num- 


ber 

cent 

ber 

ber 

30 

155 

6 

0 

1 

31 

75 

0 

0 

0 

32 

80 

0 

0 

0 

33 

40 

2 

0 

0 

34. 

150 

0 

0 

0 

35 

60 

0 

0 

0 

30 

100 

0 

0 

0 

37 

40 

0 

0 

0 

38. 

115 

0 

0 

0 

39 

160 

0 

0 

0 

40 

60 

0 

0 

0 

41 

200 

1 

0 

0 

42 

155 

0 

0 

0 

43 

85 

0 

0 

0 

44 . 

200 

0 

0 

0 

45 

100 

0 

0 

0 

46. _ 

140 

2 

0 

0 

47 

100 

8 

0 

1 

48 

100 

2 

0 

,l 2 

49 

100 

0 

0 

0 

50 

100 

0 

0 

0 

51 

1(H) 

0 

0 ! 

0 

52 

90 

] 

o ! 

c 2 

53. 

100 

0 

0 

0 

54 

100 

0 

o : 

0 

55 

100 

0 

o : 

0 

56 

100 

17 

2 i 

2 

57- 

100 

0 

o 1 

0 

58 

100 

0 

0 ! 

0 

59. 

100 

0 

0 

0 

60 

110 

1 

0 

0 

61 

100 

2 

0 

0 

02 

100 

0 

0 I 

0 

63 

100 

0 

0 ! 

0 

04 

120 

0 

0 

0 

65 

90 

9 

o ; 

r 3 

66 

45 

0 

0 

0 

07 .. 

45 

11 

0 

1 

68- 

50 

0 

0 

0 

09 . . 

85 

0 

0 

0 

70 

1(H) 

0 

0 i 

0 

71 

85 

0 

0 ! 

0 


' There were comparatively few blossom clusters underneath the exuding sources of primary inoculum 
in these trees. 

d The overwintering blighted twigs in this ease were located in the lower portion of the tree. The fact 
that these sources of primary inoculum were unfavorably situated for water-borne dissemination of the bac- 
teria probably account s for the small amount of blight found in the trees. 


In 1928 large numbers of blight-infection areas were found in late 
May and early June beneath hold-over lesions. Those trees which 
contained the largest number of overwintering sources of primary in- 
oculum favorably situated for the water-borne dissemination of the 
bacteria were commonly found to be the most severely blighted. 

From the evidence that has been presented it appears that, under 
Wisconsin conditions, meteoric water is the most important agency 
concerned in disseminating the bacteria from hold-over sources of 
primary inoculum to the current year's growth. 
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DISSEMINATION OF THE SECONDARY INOCULUM 

Following the work of Waite (30), Jones (17), Stewart (28), Burrill 
(6), and others it became generally accepted that the secondary 
inoculum is disseminated almost entirely by insects. It was thought 
that blossom blight was spread chiefly by pollinating insects and that 
twig blight was disseminated largely by such insects as aphids, leaf- 
hoppers, tarnished plant bugs, and others. An important modifi- 
cation of these earlier conceptions was necessitated by the valuable 
contributions of Gossard and Walton (10). From their studies they 
concluded that from 50 to 90 per cent of the blossom blight which 
they observed was caused by rain-borne inoculum. In somewhat 
similar experiments, which appear to have been conducted independ- 
ently and near the same time, Stevens, Ruth, and Spooner (27) 
showed that blossom clusters and young twigs which were carefully 
protected from visitation by insects were blighted approximately 
as much as similar unprotected parts. Access of air and of meteoric 
water was not precluded. The writers conclude that the disease 
must have been transmitted by some agency other than insects, and 
state: “The only tenable hypothesis is that wind was the chief agent 
of transmission.” The present writer’s studies furnish additional 
evidence that meteoric water is an important agent in the dissemina- 
tion of the secondary inoculum for fire blight and that the role of 
insects in the spread of the disease is less important than was earlier 
believed. In support of this view the following observations and 
experiments are pertinent. 

(1) In each of the three years that this disease was studied under 
natural conditions, trees varied greatly in the severity of blossom 
blight, and blighted clusters were often found grouped in conelike 
areas of infection. In some instances practically every blossom cluster 
in one part of a tree was infected, whereas in other portions of the same 
tree only scattered clusters were diseased. No hold-over sources of 
primary inoculum could be detected in certain trees showing such 
conelike areas of infection. Instead of hold-over lesions, early 
blighted blossom clusters were found to be the source of inoculum. 
If all blossom infections are the result of inoculations bv insect carriers 
of fire blight a more uniform distribution of blight infections in the 
trees should be expected with regard both to the trees infected and 
the distribution of blighted blossoms on individual trees. 

Many other observations pointed to a more localized spread of 
blight than w r ould be expected if pollinating insects were the chief 
disseminators of the secondary inoculum. In 1927, for example, a con- 
siderable local development of blossom blight was found in one cor- 
ner of a McMahon tract, the remainder of which showed a very 
sparse development of blossom blight. The trees which were heavily 
infected were grouped about a badly blighted Transcendent in which 
were found hold-over lesions. No hold-overs were observed in the 
badly blighted McMahon trees and only rarely occasional cases of 
overwintering of the organism were found on the McMahons in this 
block. The amount of blossom blight diminished rapidly as the dis- 
tance from file Transcendent increased. 

A similar example on a larger scale was observed in the same year. 
A "large block of Fameuse which contained numerous hold-over lesions 
and was heavily infected with blossom blight adjoined a block of 
Dudley in which only occasional hold-over lesions w r ere found. The 
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Figure 6.— Bacterial exudate coining from 
the pedicel of a pear flower inoculated by 
atomizing a pure culture of Bacillus amy - 
lovorus into the receptacle cup. Photo- 
graph taken three days after inoculation 


blooming periods of the two varieties were approximately identical. 
(Fig. 2.) In the Dudley trees immediately adjacent to the Fameuse 
block abundant blossom blight de- 
veloped. The amount of blight, how- 
ever, diminished rapidly as the distance 
from the Fameuse block increased, most 
of the disease being confined to five or 
six rows nearest the Fameuse. The 
more remote parts of the Dudley block, 
including some 10 acres, remained prac- 
tically free from blossom blight. 

(2) Attention was further directed to 
the important role played by meteoric 
water in the secondary spread of fire 
blight in experiments which were con- 
ducted in 1928 at Gays Mills. Two 
apple trees, a Fameuse and a Wealthy, 
containing numerous blossom buds in 
the early closed-cluster stage of devel- 
opment, were sprayed with Derrisol 
(1-800) to kill any aphids which migflt have been present. These 
trees were then inclosed in cheesecloth insect-proof cages with the aim 
of excluding all pollinating and other insects. Several early blooming 

flower clusters in the 
top of each of the trees 
were inoculated on 
May 10 with a pure 
suspension of Bacillus 
amylovorus in sterile 
distilled water by care- 
fully inserting the in- 
oculum into the recep- 
tacle cups. Bacterial 
exudate was found on 
May 15 coming from 
the pedicels of the 
i n o c u 1 a t e d flowers. 
Three-tenths inch of 
rain fell the following 
day (May 16), and on 
M ay 1 8 there was a pre- 
cipit a tion o f ni n e-' en t h s 
inch. On May 23, five 
days after the last of 
these two rains, a num- 
ber of flower clusters 
were found beneath 
the inoculated ones 
showing fire-light 
symptoms. Conelike 
areas of infection 
developed with the inoculated flower clusters at the apices of these dis- 
eased areas. (Fig. 7.) Examinations failed to reveal the presence of ariy 



A blighted Fameuse apple tree. Before the blossoms 
’ * * ' chees 


Figure 7 
opened this tree was inclosed in a 


leesecloth cage to keep out pol- 
linating insects, and two blossoms clusters at X were inoculated. 
Abundant secondary infection of blossom clusters developed in a 
cone-shaped area. Each infected blossom has a white tag attached 
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insects. Meteoric water, therefore, appears to have been the only 
agent which could possibly have disseminated the inoculum. 

(3) In 1926 at Gays Mills aphids were scarce in the spring but 
numerous in midsummer. In 1927 both leaf hoppers and aphids 
were relatively numerous from the middle of June throughout the 
growing season. In spite of their relative abimdance, however, 
twig blight was not at all serious either in 1926 or 1927, except in a 
relatively small number of trees scattered here and there throughout 
the orchard. In virtually all of the trees which were infected either 
blighted blossom clusters or overwintering sources of primary inocu- 
lum were discernible in some part of the trees. This relationship 
was very apparent in certain trees in some of the plots at Gays Mills 
in which an attempt was made to remove all overwintering sources of 
inoculum in the fall of 1925. The following spring several trees in 
these plots were found to contain an abundance of both infected 
blossoms and shoots. The disease development observed in these 
trees was found upon examination to be traceable to overwintering 
cankers which had been overlooked during the excision process the 
preceding fall. The adjoining trees, while heavily infested with leaf 
hoppers, contained only a scattered infection here and there. If the 
widespread dissemination of twig blight is to be attributed largely to 
sucking insects, theoretically we should expect a cross transfer of the 
inoculum from heavily infected trees to adjacent ones. This is not in 
accord with the writer's observations, which extend over a 3-year 
period. It would seem, therefore, that a local source of inoculum 
either in the form of hold-over cankers, overwintering blighted 
twigs, or diseased flower clusters or shoots must be present in the trees 
before twig blight becomes serious. (Table 6.) 


Table 6. — The relation of the number of blighted blossom clusters in Fameuse 
apple trees to turig-blight development, Gays Mills, Wis.,1927 


Tree No. 

Blighted 

blossoms 

Blighted 

twigs 

Tree No. 

Blighted 

blossoms 

Blighted 

twigs 


Number 

Number 


Number 

Number 

1 

9 

11 

22 

15 

39 

2 

13 

6 

23 


2 

3- 

0 

1 

24... . . 

0 

1 

4 

3 

3 

25 

0 

0 

5 

1 

2 

26 . . . 

0 

2 

6. 

0 

0 

27... 

0 

0 

7 

0 

1 

28.. . . 

0 

0 

8 

2 

0 

29 

0 

0 

9 

0 

0 

30 1 ._i 

0 

0 

10 

0 

o 

31 

0 

o 

11 

3 

1 

32 . 

14 i 

10 

12 

9 

5 

33 ... 

2 

4 

13 

2 

9 

34 .. . 

120 

29 

14 

12 

11 

35 .. ..... 

4 

24 

15 

0 

0 

36 . 

0 

o 

16...L 

0 

0 

37 

0 

0 

17.. 

0 

0 

38 . 

o 

1 

18 

7 

8 

39 

o 

1 

19 

2 

6 

40 ... 

0 

1 

20 

14 

56 

41 .. . . . .. 

3 

0 

21..... . 

51 

6 

42 

0 

1 








While the work of Waite (SO), Gossard and Walton (10), and others 
h#e shown that pollinating insects may spread fire blight, there 
aiace " data available which would clearly indicate the 
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extent to which they are concerned in the dissemination of the disease. 
Does a bee disseminate the disease extensively after visiting a diseased 
flower, or does it cease to be a carrier of blight after visiting a com- 
paratively few flowers? This is a very important point in relation to 
the epidemiology of fire blight and deserves Critical consideration. 
In 1928 the writer made a preliminary attempt to gain evidence on 
this problem, but due to the limited amount of material available 
only a beginning was made toward its solution. In experiments 
conducted m the greenhouse the proboscis of a bee was dissected out 
and tied to the end of a small stick of wood. The tip of the distal end 
was then dipped in melted paraffin in such a maimer as to seal the 
opening to its interior. The proboscis and its carrier were sterilized 
in 95 per cent alcohol and washed through several changes of sterile 
water. The distal portion of the proboscis was then dipped into the 
nectarial fluid of a pear flower which had been inoculated with 
Bacillus amylovorus three days earlier. The proboscis was next 
dipped consecutively into the nectar in the receptacle cups of 15 
healthy pear flowers. Every one of the flowers thus inoculated 
blighted in a very characteristic manner. This would seem to suggest 
that pollinating insects may still be potential agents of dissemination 
even after having visited 15 flowers following contamination. 

THE MODE OF ENTRY OF BACILLUS AMYLOVORUS 

INTO YOUNG SHOOTS AND UNOPENED FLOWERS 

It has long been accepted that access of Bacillus amylovorus to the 
host tissues is accomplished in two ways: (1) Through the open 
blossoms, presumably through the uninjured nectaries in the recepta- 
ble cup (Waite (30, 31)) and (2) through wounds of many kinds 
(Jones (17), Stewart (28), Burrill (6), Heald (13), and others). On 
the basis of observations, Heald (13) expressed the opinion that the 
bacteria may gain entrance to the leaves also through water pores and 
stomata but stated that it remained for further investigation definitely 
to subtantiate this view. He states (H, p. 315): 

The writer studied fire blight in Washington in the summer of 1915 and found 
leaf invasions common in pear, apple, and quince, and later produced artificial 
infections through the leaf margins by the use of pure broth or bouillon cultures. 
Leaf infections occurred through marginal breaks, insect punctures or through 
perfectly sound leaves. 

Brooks (5) reported negative results from numerous inoculation 
experiments with unwounded apple leaves in the field and greenhouse. 
Most of this work was done, however, after the twigs had made con- 
siderable growth. 

The occurrence at Gays Mills of blighted cluster buds and infected 
young shoots early in the season in the absence of insects and in 
association with hold-over sources of primary inoculum suggested to 
the present writer the hypothesis that the bacteria are able to infect 
young shoots and unopened blossoms without the intervention of 
wounds. Attention was, therefore, directed to the manner in which 
the bacteria gain access to the tissues of the host. Working with 

S otted apple and pear trees grown in the greenhouse under conditions 
esigned to prevent injury from insects and other agencies, the writer 
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induced infection of young shoots and unopened blossom buds of 
apple and pear at will by spraying them with a pure suspension of 
Bacillus amylovorus in sterile distilled water and placing them for 
varying periods in a moist chamber 5 at suitable temperatures. After 
inoculation the plants were incubated in a well-illuminated chamber 6 
which was maintained at a temperature of 28° C. and 70 per cent 
relative humidity. Two types of disease development commonly 
followed. In those varieties which have a thick mat of hairs on the 
dorsal surface of the young leaves (as Wealthy and Fameuse) the first 
symptoms of the disease commonly appeared along the margin of the 
young leaves from four to six days after inoculation. From the mar- 
gin the disease spread down the midrib if the lesions were terminal, 



Figure 8 .—Representative twigs grown under conditions designed to prevent injury, inoculated by 
atomizing with a pure suspension of Bacillus amylovorus in sterile distilled water, and demonstrat- 
ing the entry of the fire-blight bacteria through stomata. Twigs on th6 tiee at the left (A) are 
controls 


or the veinlets if lateral, resulting in lesions which were more or less 
triangular in outline. The petioles of the infected leaves w r ere then 
invaded, followed by infection of the main axis of the shoot. In a 
comparatively short time a decided wilting and typical blighting of the 
young shoots developed. (Fig. 8.) Bacterial exudate was found on 
the invaded areas in many instances. B. amylovorus was successfully 
recovered from the invaded areas in all of the numerous isolations 
attempted. In those varieties which have comparatively few hairs 
on the undersurface of the young leaves (as Transcendent or Whitney) 


* Through the kindness of Dr. G. W\ Keitt, an infection chamber (Keitt and Jones (78) ) was made avail- 
able for these studies. Slight alterations were made in the method of maintaining the humidity. The 
desired temperature and humidity in the chamber were maintained in part by 250-watt luminous radiator 
unit covered with moist absorbent cotton.* Moistened pieces of cheesecloth suspended from troughs of 
water around the walls of the chamber replaced the cloth inner chamber used by Keitt and Jones and aided 
in keeping the desired temperature and humidity. Hot or cold water from supplies kept at suitable constant 
temperatures were mixed through metal valves to give the desired temperature to the water in the troughs. 

» The writer |e Indebted to Dr. J. G. Dickson for his kindness in permitting the use of one of his tem- 
perature and humidity chambers for these studies. 
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a leaf spotting (fig. 9) often occurred, 
treatment had been given the young 
These lesions often coalesced and the 
disease invaded the midrib, petiole, 
and main axis of the shoot in a manner 
comparable to that outlined above. 
These two types of development fol- 
lowing inoculation of young shoots 
were associated, in part at least, with 
the wettability of the dorsal surfaces 
of the young leaves. The older leaves 
seemed to be more or less resistant 
to the invasion of the bacteria, for 
only a very few became infected until 
the main axis of the shoot was invaded. 
In those that were infected the blight 
lesions were localized at the margins 
and failed to spread to any considerable 
extent. The factors which are re- 
sponsible for the apparent resistance of*, 
the older leaves have not been fully 
analyzed . 

Blossom buds inoculated and treated 
in the same manner as the young 
shoots showed symptoms of fire blight 
within three to six days. The tips of 
the exposed sepals and the apices of 
leaves surrounding the blossom buds 
turned brown (fig. 10), and under humid 
conditions a bacterial exudate was found 
coming from the discolored parts. In a 
number of instances isolations were 
made from the invaded areas with uni- 
formly successful results. Four to 


particularly, if a premoist 
shoots before inoculation. 




Fkhirk 10.— Cluster of infected unopened apple 
btaoms. These buds were inoculated by at- 
omizing with n pure suspension of Bacillus 
amylovoTus in sterile distilled water. The 
apical parts of the sepals (a) and of one leaf 
(o) are diseased 


Fim'rk 9. — Leaf from a young shoot of 
Whitney (oral)) apple inoculated by atom- 
izing with a puie suspension of Bacillus 
amylovorus in .sterile dist illed water; a leaf- 
spot symptom was commonly observed 
on this variety in greenhouse experiments 
(luring the earlier stages of disease devel- 
opment. 

SIX 

days after the appearance of the 
first symptoms of the disease, the 
tissues of many of th‘e infected buds 
were all brown and dead, and evi- 
dence of the disease, in many in- 
stances, was found also in the 1 -year- 
old wood. As is shown in Table 7, in 
those cases where the buds received a 
preliminary moist treatment before 
inoculation there was a larger per- 
centage of infections than when no 
premoist treatment was given. How- 
ever, in view of the positive results 
obtained without the administration 
of a preliminary moist treatment it 
seems that such treatments are not 
absolutely essential for infection. 
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Table 7. — Results of inoculation experiments with Bacillus amylovorus on unopened 
apple-blossom buds and young shoots grown under conditions designed to prevent 
injury from insects and other agencies , Madison , Wis., 1928 


Parts inoculated and number 
of experiment 


Twigs: « 

1 


Blossom buds: c 
1 


Period in moist 
chamber 

Results 

Inoculations 

Controls 

Before 

inocula- 

tion 

After 

inocula- 

tion 

Healthy 

Diseased 

Organ- 
ism reiso- 
lated 

Healthy 

Diseased 

Hours 

Hour 8 

Number 

Number 


Number 

Number 

| 

48 

1 

2 

b 4- 

4 

0 

I 

96 

1 

1 

-f 

5 

0 

l::: 

168 

0 

7 

4- 

2 

0 


72 

3 

1 

4- 

3 

0 



96 

3 

1 

+ 

4 

0 

48 

24 

2 

7 

+ 

6 

0 

46 

24 

0 

4 

4- 

4 

6 

40 

26 

2 

9 

4- 

2 

0 

26 

25 

1 

4 

4- 

6 

0 

/... 

24 

4 

9 

4- 

8 

0 

\ 22 

25 

4 

6 

4- 

11 

0 

24 

24 

0 

9 

4- 

3 

0 

19 

24 

0 

2 

+ 

1 

0 

f ! 

24 

0 

1 

+. 


0 

( 41 

24 

0 

2 


3 

0 

/ 

22 

0 

3 

+ 



\ 23 

22 

0 



5 

0 

r 

22 

5 

1 

1 

-f 



i9 

22 

4 


5 

6 

/ 

28 

0 

1 

4- 

1 

0 

\ 16 

28 

0 

' 3 


3 

« 


23 

0 

2 

+ 

2 

0 

20 

24 

1 

2 

4- 

3 

0 

24 

27 

0 

6 


1 

0 

6 

25 

0 

2 





• Young succulent shoots, 2 to 7 inches long. 
h 4- = B. amylovorus reisolated. 

• Apple blossom buds in the green tip and early closed cluster stage of development. 


In other experiments relating to the possibility of infection of the 
host tissues by Bacillus amylovorus without the intervention of 
wounds, the stamens and styles of open apple 
flowers, grown in the greenhouse under condi- 
tions designed to prevent injury by insects or 
other agencies, were removed with a pair of 
scissors and the receptacle cups filled with cocoa 
butter in such manner as to cover the nectaries 
and the wounds made incident to this excision. 
In all, 73 flowers were treated in this jiianner 
during the course of the experiment. After the 
cocoa butter had hardened, pure suspensions of 
B. amylovorus in sterile distilled water were 
sprayed upon the sepals and outer sides of the 
receptacle cups. The plants were then placed 
in the inoculation chamber for 24 hours, after 
which, in most instances, they were transferred 
to a chamber which was maintained at 28° C. and 70 per cent relative 
humidity. There they were left during the remainder of the experi- 
ment. In a number of instances where flowers and young fruits were 
inoculated in this manner, brownish, slightly depressed lesions 
(fig* 11) developed on the sides of the fruits after a period ranging 
frhm 5 to 10 days following inoculation. B. amylovorus was success- 



Figube 11.— Fire-blight lesions 
on young apple fruits inocu- 
lated 10 days after petal fall 
by atomising with a pure sus- 
pension of Bacillus amylovo- 
rus in sterile distilled water 
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fully recovered from the invaded areas in all of the reisolations at- 
tempted from these lesions. The margins of the diseased areas, in 
many instances, were extended until the entire fruit was invaded. 
The results of these studies are given in Table 8.. 

Table 8. — Results of inoculation experiments with Bacillus amylovorus on apple 
flowers from which the stamens and styles were removed and the receptacle cups 
filled with cocoa butter before inoculation, Madison, Wis ., 1928 


Experiment No. 

Period flowers were 
in moist chamber 

Total 

flowers 

inocu- 

lated 

Results of inocu- 
lation 

Before After 

inoeula- j inocula- 
tion tion 

Plants re- 
maining 
healthy 

| Diseased 
plants 

l . 

Hours Hour 8 

.J 24 

Number 

67 

2 

2 

2 

| Number 
35 

0 

1 

0 

Number 

32 

2 

1 

2 

2 ' 1 

| . _ 23 j 

15 ; 48 

j 24 23 ! 


Field studies of the infection of* unopened blossoms by Bacillus 
amylovorus were also made in 1927 and 1928. A number of blossom 
buds in the early and middle closed-cluster stages of development 
were sprayed with nicotine sulphate (1-800) to kill any aphids which 
might be present. Later in the day, and, in some instances, on the 
following day, these unopened blossoms were sprayed with a pure 
suspension of B. amylovorus in sterile distilled water. These inocu- 
lated unopened blossoms were then caged in celluloid chambers in 
such a manner as to prevent the parts from coming in contact with 
any surface which might injure them. The results of these experi- 
ments are given in Table 9. 

Table 9. — Results of inoculations made by spraying Bacillus amylovorus a on 
unopened blossoms, b Gays Mills, Wis., 1927-28 


Date of inoculation 

j Variety inoculated 

j Inoculum applied with — 

I 

Blossom 
buds b in- 
oculated 

Number 

blighted 

Per cent 
blighted 

1927 



Nuuiber 



May 4 

Fameuse 

CamePs-hair brush 

14 

3 

j 21 

May 13 

Transcendent 

1 Atomizer ... 

130 

31 

24 

May 16 

' McIntosh 

do 

37 

0 

0 

May 20 

Wealthy 

J do 

, 23 

0 

0 

May 25.. 

Fameuse 


1 154 

4 

3 

1028 


i 




Apr. 4 

Transcendent 

! do. 

295 

102 

j 34 

Apr. 6.. . 

do 

do 

1 82 

42 

! 51 

Apr. 11 . 

! McMahon. . 

do 

60 

0 

! o 

Apr. 15 

McIntosh _ . 

1 do . 

60 

0 

i 0 

Apr. 23 

I Wealthy... 

!_ do .. . 

17 

0 

0 

Apr. 24 

McIntosh 

i do 

42 

0 

0 

Apr. 26 

do „ __ _ 

do . . 

50 

0 

0 

Apr. 28 * 

do.. | 

do 

46 

1 

2 

May 1 . 

Wealthy I 

do 

17 

11 

64 

May 3 ...... . 

1 McIntosh ... ■ 

do . . . . . . 

20 

4 

20 

May 4 

Wealthy 

do 

13 

0 

0 

Do 

McIntosh ... J 

do .... 

47 

4 1 

0 

May 5.. 

Wealthy 

do 

10 

2 j 

20 

May 6 i 

McIntosh i 

do . . 

12 


0 




0 j 



° The inoculum consisted of pure suspensions of Bacillus amylovorus from broth cultures in sterile distilled 
water. 

* The blossom buds inoculated ranged from those in the green tip to those in the open-cluster stage of 
development. 
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In field experiments carried on in 1928 unopened blossoms and 
young shoots, after a preliminary spraying with Derrisol (1-800) to 
kill any aphids which might be present, were given premoist treat- 
ments in specially constructed metal chambers mounted on tripods 
and lined with moist absorbent cotton. (Fig. 12.) A pure suspen- 
sion of Bacillus amylovorus in sterile distilled water was then sprayed 
upon the young shoots and unopened blossoms and the inoculated 
parts placed in moist chambers in such a manner as to prevent 
injuries to the tissues. The results of these studies are given in 
Table 10. 


Table 10. — Results of spraying Bacillus amylovorus ° on unopened blossom buds 
and young shoots h which were subjected to moist treatments before and after inocu- 
lations , Gays Mills , TTis., 1928 


Parts inoculated and dates 
of inoculation 


Variety inoculated 


Period in moist j 
I chamber j j 

| _ i Total in-! 

| | oculated j 

Before in-j After in- ' 

1 oculation ! oculation I | 


Number Per cent 
blighted blighted 


Blossom buds: 


IIou rs 

Hours 

Number 


Apr. 23. . . . . . 

Woalthv . . 


48 

6 

0 

Apr. 24 

Dudley’ 

1H 

24 

20 

0 

Do 

McIntosh . .. . . 

IK 

24 

20 

0 

Apr. 26 

do 

24 

24 

15 

0 

Do 

Dud lev _ - 

24 

24 

12 

0 

Do 

McMahon . . .. . 

24 

24 

13 

0 


do 

48 

4K 

11 

0 

Do 

McIntosh 

24 

24 

36 

0 


d o . . . . 

46 

24 

13 

4 

Do . 

Wcalthv ....... 

46 

24 

21 


M av 3 

McIntosh 

24 

24 

8 


Do 

do 

48 

48 

17 

2 

Do ... . .. 

Wealthy . . . 

24 

24 

22 

4 

M ay 5 . - . 

do 

24 

24 

21 


Do 

McIntosh 

24 

24 

8 

7 

May 6- 

do 

24 

24 

10 

i 

Mav 7 

do . .......... 

24 

24 

• 4 

2 

Do .. 

Wealthy 

24 

24 

21 

4 

Mav 9 . 

. .... do ........ 

24 

24 

14 

8 

Twigs: * 



! i 



Mav 8 

1 ..do 


24 

10 

6 : 

May 10 

do . . . .. . | 

48 : 

24 

5 

3 : 

May 11 - 1 

do ... 1 


24 

15 

7 

Mav 14. . . . | 

Wealthy* 


24 

10 

0 

Do 1 

Transeende nt 


24 

9 

0 

May 16 

do 1 



37 

1 

Do. .1 

Wealthy 


24 

5 

1 1 

Do 1 

1 do 



I D 

3 

May 17 .. 

_ .do. 



24 

4 ! 

Do 

Transcendent . , 



18 

0 

May 18. 1 

' do.. 


24 


() ( 

Do ' 

do 

24 j 

24 

20 

1 

Do 

Wealthy 

24 ! 

1 24 

20 

o ! 

May 20 . 

... do 


24 

7 

1 ! 

Do. 

McMahon .... 

24 j 

24 

9 

o ; 

May 21 

do 

8 

24 

8 

0 

M ay 24 

W< althy 

24 

24 

4 

0 . 


0 

0 

() 

0 

0 

o 

o 

0 

30 

33 

88 

12 

IK 

21 

KK 

10 

50 

19 


00 

00 

47 

0 

0 

3 

20 

27 

17 

0 

0 

o 

H 

0 

0 

0 


0 The inoculum consisted of pure suspensions of B. amylovorus from broth cultures in sterile distilled 
water. 

b The parts inoculated were grown under conditions designed to minimize the chance of injury bv insects 
or other agencies as described above. « 

<* The blossom buds inoculated ranged from those in the green-tip to those in the open-cluster stage of 
development. 

d The young shoots inoculated were from 2 to 7 inches long. 


As is shown in Tables 9 and 10, the percentage of positive results was 
much more variable in the field experiments than in the greenhouse 
tests where conditions could be controlled more satisfactorily. Posi- 
tive results were sufficiently numerous, however, to give strong indica- 
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tion that, under field conditions, Bacillus amylovorus can gain entrance 
to the host tissues through natural avenues of entry other than those 
of the inner (ventral) surface of the blossoms. 

In an effort to ascertain more definitely the mode of entry of 
Bacillus amylovorus under the conditions of these tests, a detailed 
histological study was made of the tissues of young leaves and 
unopened blossoms which had been inoculated in the greenhouse by 
spraying with a pure suspension of B. amylovorus in sterile distilled 
water. Cases of stomata! penetration were found in tissues taken 
from the dorsal side of inoculated young apple leaves (fig. 13, A, and 
fig. 14, B) and from the sepals of inoculated unopened apple flowers. 
(Fig. 1 3, D.) The characteristic mar- 
ginal invasion of young leaves sug- 
gests that the bacteria may gain ac- 
cess to the host tissues also through 
water pores, although the writer has 
thus far failed to find the bacteria 
entering these natural openings. The 
data which have been reported jus- 
tify the conclusions: (1) That B. 
amylovorus can, under suitable con- 
ditions, infect young shoots and un- 
opened blossoms of apple without the 
intervention of wounds, and (2) that, 
under some conditions, B. amylo - 
rorus can cause infection following 
penetration through stomata. 

INTO OPEN FLOWERS 

Following the work of Waite {30, 

31), it has been generally accepted 
that Bacillus amylovorus gains ac- 
cess to the tissues of the open blos- 
soms through the nectaries in the 
receptacle cup. So far as the 
writer is aware, however, no histo- 
logical study has ever demonstrated 
their actual entry into the tissues through the nectaries. It seemed 
desirable, in view of the lack of definite histological evidence, to trace 
the avenue of entry into the tissues of open blossoms. In these 
studies pure broth cultures of B . amylovorus were sprayed into the 
receptacle cups of a number of open apple and pear flowers. Fixa- 
tions were made in formal acetic alcohol at short intervals after 
inoculation. The flowers were sectioned, after embedding in paraffin, 
and stained with rose bengal and light green. In both apple and 
pear flowers, which had been inoculated 30 hours before fixations 
were made, the bacteria were found gaining access to the host tissues 
through openings in the receptacle cups which appear to be stomata. 
(Fig. 13, B and C; fig. 14, A.) In none of the flow r ers sectioned by 
the writer thus far have the bacteria been found gaining access to the 
tissues of open flowers except by entering stomata. The writer has 
been unable to find evidence in the literature (see Eames and Mc- 
Daniels {9, p . 78)) or in his own preparations 'that the floral nectaries 



602 Journal of Agricultural Research voi. 39, no. 8 



Figure 13.— Photomicrographs of host tissues invaded through stomata by Bacillus amylovorus. 
The inoculations were made by atomizing a pure suspension of the blight bacteria in sterile 
water. The bacteria are shown in the stomatal openings and in the substomatal chambers. 
A, Cross section of an apple leaf; R, longitudinal section of the receptacle cup of an apple flower; 
C, cross section of the receptacle cup of a pear flower; P, cross section of a sepal of an unopened 
apple flower 
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of apple or pear offer an open avenue for the entry of bacteria, as no 
intercellular spaces which pass from the surface through this tightly 
compacted layer have been demonstrated. 

THE MIGRATION AND PARASITISM OF BACILLUS AMYLOVORUS 

A number of valuable studies have been made of the relation of 
Bacillus amylovorus to its host. As most of these studies are readily 
accessible through the works of Stewart {28), Bachmann (4), Nixon 
{21), and Haber {11), an extended review of this literature appears 
to be unwarranted. However, notwithstanding the many excellent 
contributions which have been made to the knowledge of the intimate 
relationships existing between the causal organism and its hosts, 
many problems still remain unsolved. It is not at all clear just how 
the bacteria cause the death of the host cells. Do the bacteria secrete 
toxins or is the death of the cells due to the plasmolysis of the proto- 
plast following the extraction of water from the cell? Still less is 
known as to how the bacteria gain access to the cells and how they 
migrate from one cell to another. The conditions surrounding the 
formation and extrusion of the well-known bacterial exudate have 
never been adequately described. Furthermore, considerable question 
still attaches to certain details of the mode of overwintering of the 
bacteria. While a comprehensive study of these problems could not 
be included in the present work, some attention was given them in 
the hope of contributing to their advancement, rather than their 
full solution. 

STUDIES RELATING TO THE MANNER IN WHICH THE HOST CELLS ARE KILLED 

A study of the literature reveals two views as to the manner in which 
the host cells are killed. Bachmann (4), Nixon {21), and others 
think that the cells are probably killed by the extraction of water 
from them and its passage into the intercellular spaces, with conse- 
quent plasmolysis. Stewart {28), however, is of the opinion that 
toxic products may be secreted by the pathogene which upon diffusion 
kill the cells. 

The results of histological studies conducted by the writer accord 
with those of Bachmann (4) and Nixon {21) in showing that in early 
stages of migration the bacteria in the intercellular spaces were 
often found completely surrounding host cells without any noticeable 
ill effects other than a slight shrinking of the cell contents. Additional 
support to the view that plasmolysis following loss of water is an 
important factor in the death of the host cells was gained from ex- 
periments set up to determine whether the bacteria could thrive in 
solutions which had sufficient osmotic pressure to kill the host cells. 
A sucrose solution having an osmotic pressure of 20.73 atmospheres 
was made up and divided into two portions. Free-hand razor 
sections from a young apple leaf were placed in one of the portions and 
bacteria from a 3-day-old potato dextrose culture of Bacillus amylo- 
vorus in the other. At intervals microscopic examinations were made 
of the cells in the sugar solution. After remaining in the solution 
for one hour almost every cell in the section was plasmolyzed. The 
cells in control leaf sections in sterile distilled water, on the other 
hand, were turgid. Dilution plates were poured from the bacterial 
suspension in tne sugar solution, and a large number of bacterial 
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colonies appeared on the agar plates after a suitable incubation period. 
There were live bacteria in the sugar solution even after a 24-hour 
exposure. This evidence indicates that the fire-blight bacteria can 
exist in the intercellular spaces in solutions having osmotic pressures 
Sufficient to plasmolyze the living host cells. 

In experiments conducted to determine whether toxins are pro- 
duced by Bacillus amylovorus, Arthur (8) failed to detect the presence 
of toxic substances in filtered culture solutions in which the fire-blight 
bacteria had been growing. As further experimental evidence of the 
production or nonproduction of toxins by Bacillus amylovorus seemed 
desirable, the writer attempted to isolate toxic substances from (1) dis- 
eased host tissues and from (2) culture solutions in which the bacteria 
had been growing. Twigs affected with fire blight were ground up 
and the juice was extracted from the crushed tissue by squeezing 
through a cheesecloth. The juice was then filtered through a Berke- 
feld filter, and cross sections from a surface-sterilized apple leaf cut 
with a flamed razor were placed aseptieally in (1) the filtrate and (2) 
sterile distilled water. At approximately 12-hour intervals, sections 
in the filtrate and in the controls were removed arid examined under the 
microscope. No appreciable difference in the material from the fil- 
trate and from sterile distilled water was noticed even after a 48-hour 
exposure. No evidence of toxic action was observed. 

The possibilities of the production of exo-toxins which are precip- 
itable by alcohol was next considered. In these studies 95 per cent 
alcohol was added to an 8-day-old nutrient broth culture and the 
resulting precipitate collected on filter paper, dried under aseptic con- 
ditions, and redissolved in sterile distilled water. This solution was 
then studied for toxic action as outlined above. No toxic action was 
detected. These experiments were repeated with the same results. 
This study suggests, therefore, that toxins of the sort which can be 
isolated by the methods used are not produced by Bdcillus amylovorus. 

STUDIES OF THE MIGRATION OF BACILLUS AMYLOVORUS IN THE HOST TISSUES 

There has been some difference of opinion concerning the mode of 
migration of Bacillus amylovorus through the host tissues. Stewart 
(28 ) , Bachmann (4), and certain other investigators seem to think that 
the bacteria migrate in the intercellular spaces in a free-swimming 
condition. Nixon (21) and Haber (11), however, take the view that 
they migrate through the tissues as zoogloea. Nixon (21) states that 
these zoogloea consist of jellylike matrices with blunt, more or less 
rounded ends, densely packed with bacteria. He further states that 
they migrate by a growth movement which parallels in many respects 
the movement of pseudoplasmodia of the Myxobacteriaceae. 

In order to gain more evidence regarding the mode of migration of 
Bacillus amylovorus in the host tissues histological studies were made. 
A number of young shoots on potted Wealthy apple trees were inocu- 
lated in the greenhouse by puncturing near the tips with a fine needle 
dipped in a broth culture of the pathogene. The inoculated trees 
were placed in a moist chamber in the greenhouse at 25° C., and fixa- 
tions were made in Flemming’s strong fixing fluid at intervals of 1, 3, 
5, 10, and 24 hours, respectively, after inoculation. Histological 
studies were then made of sections from this material, using f lem- 
ming's triple stain. In the twigs fixed 1 and 3 hours, respectively, 
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after inoculation the bacteria were found in the intercellular spaces, 
but no evidence was obtained to indicate that they were embedded in 
a jellylike substance. Their distribution and appearance suggested 
that they were in a free-swimming condition when the fixations were 
made. In the twigs fixed 10 and 24 hours, respectively, after inocu- 
lation, however, the bacteria were found in the intercellular spaces 
of the cortex embedded in a substance which stains differently than do 
the bacteria. Nixon (21) interprets these masses as zoogloea. Such 
interpretation would seem to depend on one’s conception of zoogloea. 
This conception, as usually defined by bacteriologists, provides that 
the slimy matrix in which the bacteria are embedded is secreted by the 
bacterial cells. The evidence thus far adduced has not shown con- 
clusively that, in the case of the fire-blight organisms in the host 
tissues, the matrix under discussion is of bacterial origin. Arthur ( 3 ), 
in his studies on the biology of pear 
blight, illustrates zoogloea! forma- 
tions. These so-called zoogloea were 
probably due to the presence of other 
organisms in his cultures, as Snyder 
(25), Stewart (28), and others nave* 
since failed to demonstrate the pro- 
duction of zoogloea by Bacillus amylo- 
vorus in pure culture. Until further 
evidence to the contrary is adduced, 
the possibility seems to remain that 
the fire-blight bacteria, upon being 
introduced through wounds into sus- 
ceptible host tissues, first migrate in 
a free-swimming condition and later 
consolidate as they increase in num- 
bers. Further study of the detailed 
mode of migration of the organisms 
and of the origin of the matrix in which 
they lie seems desirable. 

Histological evidence suggests the 
production of enzymes and their ac- 
tivity in the development of the 
pathological condition. In stained 
sections of young apple shoots and flowers inoculated with Bacillus 
amylovorus the intercellular spaces invaded by the bacteria were, 
as a rule, larger than those in the corresponding normal tissues. 
In many instances bacteria were observed in invaded tissue com- 
pletely surrounding the cells, which would seem to indicate that 
the substances which cement the cells together had been dis- 
solved. Such evidence suggests that an enzyme of the nature of 
peetinase is produced either by B. amylovorus or by the host cells 
under the stimulus of bacterial invasion. However, the fact that no 
decided softening of the tissues ensues would suggest that any such 
enzymatic action occurs on a very small scale. 

In histological studies of blight cankers the bacteria were found 
migrating from one cell to another through openings in the cell 
walls (fig. 15) which appear to have been, formed by a dissolution 
of the wall substances. The portion of the wall which appears to 
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have been dissolved is, in some instances, quite limited and localized. 
This fact suggests a mass action of the bacteria. In certain invaded 
areas, however, as in the phloem, comparatively large cavities were 
found in which the bacteria were present in great numbers. His- 
tological evidence suggests that a solvent action on cell walls played 
a part in the formation of these cavities. It seems probable that 
either the parasite or the host under its stimulus secretes very small 
amounts of an enzyme of the nature of cellulase. 

Pressures which may develop in the intercellular spaces incident 
to the growth of the bacteria and to the physiological processes of 
host and parasite may possibly play some part in the development 
of the tissue changes which have just been discussed. However, 
the sharp localization of many of the changes observed and certain 
details of the histological picture, as orifices in cell walls bounded 
by well-rounded edges (fig. 15) and a scarcity of evidence of the 
crushing of cells, make it difficult to explain the observed phenomena 
wholly on the basis of pressures developed outside of the host cells. 

Experiments were made with pure cultures of B . amylovorus 
with the aim of isolating any exo-enzymes which are precipitable by 
alcohol. In these experiments 95 per cent alcohol was added to an 
8-day-old nutrient broth culture of B. amylovorus and the resulting 
precipitate collected on filter papers, dried under aseptic conditions, 
and redissolved in sterile distilled water. Pieces of carrots cut aseptic- 
ally from carrot roots were dropped into the redissolved pre- 
cipitate and at the same time other pieces of carrots were placed 
in tubes of sterile distilled water as controls. At approximately 
24-hour intervals, microscopic examinations were made of thin razor 
sections from the carrot tissues in the redissolved precipitate and 
from those in the controls. After 24 hours had elapsed no significant 
difference could be detected between the sections in the redissolved 
precipitate and the controls in sterile distilled water. Differences 
were discernible, however, after 72 hours of exposure. The cell 
walls of the carrot tissue exposed to the action of the redissolved 
precipitate were more swollen and the intercellular spaces appeared 
to be larger than those in the carrots immersed in sterile water. 
This would seem to indicate that the pectic layers were being slowly 
dissolved by enzymes which had been secreted by the bacteria. 
The fact that this action is so slow, however, suggests that only 
small amounts of exo-enzymes precipitable by alcohol are secreted 
by B. amylovorus. There is no evidence of a rapid dissolving action 
as is the case with the soft-rot organism, B. carotovorus. 

An attempt was also made to ascertain whether cellulase is produced 
by pure cultures of B. amylovorus. In these studies pure cultures 
of the pathogene were grown on cellulose agar for a period of 10 
days. There was no indication that the cellulose was being fer- 
mented by the bacteria. Furthermore, no action was noticeable 
on pieces of filter paper even after a 30-day exposure to the action 
of a nutrient broth culture of B . amylovorus . The results of these 
studies suggest that cellulase is not produced by B . amylovorus in 
significant amounts in cultures of the kind used in these studies. 
However, there still remains the possibility that the pathogene 
produces an enzyme of the nature of cellulase in association with 
%e host. It may also be that cellulase is not secreted by 
M. amylovorus , but is produced by the host cells under the stimulus 
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of bacterial invasion. Unless the production of small amounts 
of some cell-wall dissolving substance in the invaded tissues either 
by the host or the parasite is postulated, the evidence presented by 
histological studies of the diseased tissues . is without adequate 
interpretation. 

VARIETAL RESISTANCE OF APPLES TO FIRE BLIGHT 

No variety of apple grown in Wisconsin has been found to be totally 
immune to fire blight. However, it has long been observed that 
some varieties suffer much less than others from this disease. This 
was shown rather strikingly in studies of the relative abundance of 
blossom infections in a number of different apple varieties growing 
in the orchards at Gays Mills. Based on counts made in 1926, 1927, 
and 1928, Transcendent, McMahon, Fameuse, and Wealthy are 
more subject to blossom-blight attacks, under Wisconsin conditions, 
than McIntosh, Northwestern Greening, or Dudley. (Table 11.) 
It is a rather significant fact that those varieties which are most 
subject to blossom infection have, as a rule, the most overwintering 
sources of primary inoculum. (See Table 1, p. 584.) 

Table 11. — The per cent of blossom blight on some apple varieties. Gays Mills, Wis ., 

1926-1928 


Blossom clusters °— 


Year and variety 


1926 

Transcendent 

Fameuse 

Wealthy 

Northwestern Greening 

McIntosh _ . 


1927 

McMahon 

Fameuse 

Wealthy 

Dudley. 

McIntosh 

Northwestern Greening .... 


1928 

Fameuse 

Wealthy ... 

McIntosh 

Dudley 

Northwestern Greening 


Exam- 

Blighted 

ined 


— 

(number) 

Number 

Per cent 


— 


925 

228 

24 

24, 805 

5, 055 

21 

46, 182 

3, 225 

7 

2, 112 

64 

3 

1,208 

28 

2 

19,696 

3, 949 

20 

19,205 

1,816 

9 

19,416 | 

! 1,364 

7 

12,107 1 

1 363 

3 

19,620 | 

561 

3 

13,013 

333 

3 

16,000 

420 

3 

16,000 ! 

1 38'. 

2 

16,000 : 

382 

2 

16,000 i 

204 

1 

16,000 ! 

94 

1 


• The blossom clusters were examined the third and fourth weeks after petal fall. The method used for 
determining the percentage of blossom blight consisted in examining from 50 to 100 blossom clusters repre- 
sentatively distributed in all parts of the tree in each of approximately 100 representative trees of each 
variety. 


INFLUENCE OF POLLINATION ON THE SUSCEPTIBILITY OF FLOWERS 

Gossard and Walton (10) state that fertilized blossoms become re- 
sistant to infection by Bacillus amylovorus sooner than do unfertilized 
ones. Their experiments led them to conclude that blossoms which 
have been pollinated for 72 hours are not likely to be infected by the 
fire-blight organism and that susceptibility to infection does not 
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exist in blossoms that have been pollinated for 144 hours. They 
took the view that a host of bees by virtue of their pollinating activity 
would in reality be “ friendly little sprites/’ transforming susceptible 
flowers into resistant ones by early pollination instead of being dreaded 
disseminators of blight as they are commonly supposed to be. 

To gain further evidence of the possible influence of pollination on 
the susceptibility of flowers to infection by Bacillus amylovorus, 
studies were carried on in the field during the blooming seasons of 1926 
and 1927. Inasmuch as practically all varieties of apples are self- 
sterile, it was not deemed necessary to emasculate the flowers, which 
was the procedure followed in Gossard and Walton’s experiments. In 
the writer’s experiments a number of flower clusters, both terminal 
and lateral, on several varieties of apples were inclosed in parchment 
paper bags before any of the blossoms had opened, so as to prevent 
natural pollination. When the blossom had opened, freshly collected 
pollen from other varieties was applied to the stigma of each flower by 
means of a camel’s-hair brush. Other flowers were left unpollinated. 
At stated intervals after pollination inoculations were made by 
spraying pure broth cultures of Bacillus amylovorus into the receptacle 
cups by means of an atomizer. Unpollinated flowers were inoculated 
at the same time in like maimer. The results of these studies are 
given in Table 12. While these data are not inclusive they suggest 
that the flowers remain susceptible to infection much longer after 
pollination than appeared from the experiments of Gossard and 
Walton. 


'Table 12 . — The influence of 'pollination on the susceptibility of flowers of some 
varieties of apples to infection by Bacillus amylovorus , Gays Mills , Wis., 1926 


Year and variety 


Dudley 

Do... 

Do..- 

McMahon 
Do - 

Do-... 

Fameuse . 

Do.... 

Do- . 
Do „ . . _ 


1927 


Northwestern Greening. 

* Do .... 

Do.... 

McIntosh . . . _ . _ 

Do 

Do 

Do. 

Fameuse.- ... 

Do 

Do 

Wealthy.. 

Do 

Do... 


Interval 
between 
pollina- 
tion and 
inocula- 
tion 

Pollinated clus- 
ters™- 

i 

Inpollin 

ter 

Inocu- 

lated 

Ued clus- 

s — 

Blighted 

Hours 

Nu mber 

Per cent 

Nu mber 

Per cent 

69 

6 

100 



114 

6 

100 

10 

166 

144 

5 

40 

5 

60 

70 

4 

100 



122 

2 

100 

4 

100 

188 

3 

0 



50 

8 

100 

, r > 

100 

120 

2 

100 

16 

46 

122 

« 7 

71 



168 

5 

0 



191 

16 

• 

62 

1 

9 

88 

209 

11 

18 

13 i 

0 

216 

11 

0 

ii ; 

0 

.! 118 

4 

100 

4 

0 

-! 161 

10 

90 

6 ! 

0 

2i3 

10 

0 

12 

0 

216 

9 

0 

n 

0 

! 166 

4 

100 



J 189 

8 

25 

io ! 

20 

.1 211 

3 

0 

9 1 

0 

J 187 

5 

100 ! 

4 j 

0 

-| 258 

6 

50 

I 


J 265 

5 

0 

) 
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DURATION OF SUSCEPTIBILITY OF YOUNG APPLE FRUITS 

During the course of studies of the epidemiology of fire blight in the 
field in 1927 results were obtained which seemed to suggest that young 
apple fruits were susceptible to infection for some time after petal fall. 
(Fig. 2.) As experimental evidence seemed desirable, studies were con- 
ducted in the greenhouse in the spring of 1928, using potted dwarf 
Yellow Transparent apple trees. To prevent injury by aphids these 
trees had been sprayed with Derrisol (1-800) at intervals from the 
time the buds began to open until the blossoms opened. Pure suspen- 
sions of Bacillus amylovorus in sterile distilled water were sprayed at 
approximately daily intervals into the receptacle cups and upon the 
outer parts of successive series of young fruits which had previously 
been pollinated. The trees bearing the inoculated fruits were placed 
in the moist chamber for 24 hours after inoculation. They were incu- 
bated at 28° C. and 70 per cent humidity. The results of this study 
appear in Table 13. Field studies of the duration of susceptibility of 
young apple fruits to infection were also carried on in 1928. The 
young apples were sprayed with Derrisol (1-800) to kill any aphids 
which might be present, and at varying intervals after petal fall a 
pure suspension of B. amylovorus in sterile distilled water was sprayed 
into the receptacle cups and upon the outer parts of the young apples. 
However, as it was impossible to control the temperature and humid- 
ity following inoculation in the field, the results of these trials are 
not as striking as those obtained in the greenhouse. (Table 13.) 
While these studies need to be extended, the results indicate that, 
under favorable conditions, young apple fruits may remain suscep- 
tible to infection without the intervention of wounds for at least a 
week after petal fall. 

Table 13 . — Results of inoculating young apple fruits, grown under conditions 
designed to prevent injury by insects or other agencies , with Bacillus amylovorus “ 
at varying intervals after petal fall, 1928 


Location and variety inoculated 


o io io : ioo 

2 | 30 30 100 

3 1 20 20 : 100 

4 y 8 < 89 

5 : 17 15 | 88 

0 20 15 75 

7 20 8 48 

10 11 10 90 

1 ! 30 i 30 100 

2 ! 21 21 100 

3 I 27 0 0 

4 29 0 0 

5 40 0 0 

0 30 0 0 

7 25 0 ! 0 

10 3fi 0 i 0 

15 45 0 j 0 

* The inoculum consisted of a pure suspension of B. amylovorus in sterile distilled water. 


Greenhouse: 

Yellow Transparent 
Do 

Do 

Do. ... 

Do. 

Do 

Do 

Do 

Orchard: 

Fameuse 

Do 

Do 

Do... 

Do.... 

Do.... 

Do.. 

Do..... 

Do 
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PRELIMINARY STUDIES ON THE NATURE OF RESISTANCE TO FIRE BLIGHT 

Although the resistance of certain varieties of apples and pears to 
infection by Bacillus amylovorous has been noted by many investi- 

f a tors (Waite (31), Crandall (£), Jones (17), Whetzel and Stewart (35), 
tewart (28), Hansen (12), Reimer (22, 23), and others), compara- 
tively little attention has been given to a consideration of the nature 
of this resistance. Hewitt (15), after a series of chemical analyses, 
concluded that an index to resistance and susceptibility is to be had 
in the ordinary analysis for starch. He states that those varieties 
which gave the higher percentages of starch upon analysis are more 
susceptible to injury by the blight organism. Stewart (28) attributes 
differences in varietal resistance to character of growth rather than to 
the presence of any inherent qualities which tend to make the trees 
immune. He says : 

The young tender tissue of the Douglass variety (a variety of pear which is 
presumably quite resistant to fire blight) is apparently as susceptible as that of 
any other pear but the tendency for the tissue to rapidly harden, soon after it is 
formed, impedes the activities of the blight bacteria and the injury is less severe. 

Higgins (16) is of the opinion that the formation of gummy sub- 
stances in the host tissues in response to bacterial invasion is responsible 
for resistance, as masses of gum were found in the border region 
between the living and dead tissues of a supposedly resistant variety 
of pear. 

No variety of apple grown in Wisconsin has been found to be 
totally immune to fire-blight attacks. Even in varieties such as the 
' Northwestern Greening and McIntosh, which commonly seem to be 
quite resistant, one occasionally finds a tree which is heavily infected. 
In 1927 several McIntosh trees on which more than 50 per cent of 
the flowers were diseased were found in the orchards at Gays Mills, 
although on the majority of the trees of this variety less than 3 per 
cent of the blossoms were blighted. (Table 11.) However, in those 
instances where blossom and twig blight were severe in trees of a resist- 
ant variety, it is a significant fact that in fully 95 per cent of the 
blighted twigs and diseased clusters examined only the current year's 
growth seemed to be invaded. Higgins (16) noticed a similar condi- 
tion in the pear, for he reports that flower infection seems to occur as 
readily in resistant varieties as in the less resistant ones, but only a 
little damage is produced by each infection in the former. He states, 
furthermore, that in resistant varieties young twigs and flowers 
infected with fire blight are killed but “* * * infection in no 

case passed back into the mature wood of the previous season's 
growth." 

In those cases where the pathogene had invaded the preceding 
year's growth the cankers formed on resistant varieties were quite 
superficial, the discoloration being limited in most instances to the 
cortex and the outermost part of the phloem. These cankers com- 
monly cease enlarging soon after their formation and become delimited 
from the surrounding tissues by a peripheral cork barrier which gives 
a marked reaction with Sudan III. As the diseased tissue dries and 
shrinks a fissure usually develops along the boundary. In the 
susceptible varieties of apples, as the Fameuse and Transcendent, the 
organism does not commonly stop after reaching the older growth, 
blit in most instances forms cankers or continues to invade the 
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branches, so that large limbs are often infected. In the cankers 
formed the discolored tissue, in a large number of instances, extends 
down to the cambial region. These cankers remain active for some 
time after their formation. It is significant that a much larger per- 
centage of the cankers formed in the more susceptible varieties become 
holdovers than is the case in those formed in resistant varieties. 
(Table 1.) This difference in the degree to which invasion and sub- 
sequent inactivation take place in the resistant and the susceptible 
varieties seems to be correlated with the rapidity with which the host 
reacts to the invasion of the pathogene following infection. It 
would seem from these observations that the host offers specific 
resistance to the invasion of the pathogene in some instances and 
little or none in others. 

STUDIES OF VARIABILITY IN RESISTANCE AND SUSCEPTIBILITY TO FIRE BLIGHT 

In order to obtain more evidence relating to the nature of resistance 
to fire blight, a study of variability in varietal resistance or suscepti- 
bility to the disease was begun. 

Relation of Temperature 

Young shoots approximately 5 inches long grown on potted Wealthy 
(susceptible) and Northwestern Greening (fairly resistant) apple 
trees in the greenhouse were inoculated by inserting near the tip 
of the stem a needle which had been dipped in a pure broth culture 
of Bacillus amylovorus. Inoculated plants were then incubated in 
the chambers previously described (p. 590) at each of the following 
temperatures, 10°., 24°, and 28° C. The relative humidity at each 
of these temperatures was approximately 50 per cent. In the in- 
oculated shoots which were incubated at 10° disease development was 
so slow in both varieties that manifestation of resistance or suscepti- 
bility was largely precluded. In each case only the apical portions 
of the shoots turned brown, there being no further extension of the 
disease down the stem. At 24° and 28°, however, the inoculated 
Wealthy shoots were completely blighted at the end of 10 days, 
whereas in the inoculated Northwestern Greening shoots the disease 
was limited to the apical parts of the twigs. In the inoculated North- 
western Greening shoots it was further observed that a stimulation 
of the buds in the axils of the remaining healthy leaves often took 
place and secondary shoots were produced. These observations 
would seem to indicate that within the range of conditions of this 
limited experimentation the resistance of the Northwestern Greening 
is not broken down or altered by variations in temperature. 

Relations of Moisture 

Young shoots grown on potted Wealthy and Northwestern Greening 
trees were inoculated by inserting near the tip of the stem a needle 
dipped in a pure broth culture of Bacillus amylovorus. They were 
then placed m a saturated atmosphere in an infection chamber. 7 
The temperature in this chamber was maintained at 26° C. Under 
these conditions the inoculated shoots of the Northwestern Greening 
were just as severely attacked as the Wealthy. At the end of five 


7 This apparatus is described by Keitt and Jones (J8), 
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days the inoculated Northwestern Greening twigs were completely 
blighted. Though it has not yet been feasible to conduct experiments 
concerning the possible influence of other factors, such as light and 
the type of vegetative growth of the experimental plants, it would 
appear probable from these results that resistance can be altered by 
subjecting so-called resistant varieties to the influence of humidity 
under suitable conditions of temperature and light. The reasons for 
this change in resistance to fire blight have not been fully analyzed 
as yet. However, a constantly maintained excess of water in the 
tissues would be expected to hinder the accumulation, oxidation, and 
condensation processes which are involved in the formation of the 
corky barrier which appears to limit the development of blight 
lesions under field conditions. Furthermore, it seems probable that 
an increase in the amount of moisture in the intercellular spaces 
would favor the growth and migration of the blight bacteria. 

STUDIES OF METHODS OF CONTROL 

Fire blight is one of the most difficult to combat of all of the diseases 
of pomaceous fruits. Arthur (3) suggested the cutting out of blighted 
parts as a control measure. Waite (33) and Smith (34) demonstrated 
that the excision method could be successfully employed if a suffici- 
ently large area of the infested territory is adequately policed and the 
affected parts of the trees are promptly removed. Other methods of 
control have since been advocated, so that at present the control 
measures which are in vogue fall chiefly into five categories, as follows: 

(1) Ridding the trees of the sources of inoculum by excision methods, 

(2) control or elimination of insect carriers, (3) modification of the 
susceptibility of the host by appropriate cultural conditions, (4) 
spraying with Bordeaux mixture to reduce the number of blossom 
infections, and (5) the use of resistant varieties. In Wisconsin num- 
erous attempts to control fire blight by the use of the commonly 
recommended methods have met with but indifferent success. The 
ineffectiveness of these measures in controlling the disease is particu- 
larly noticeable in years when epidemic outbreaks of fire blight occur. 
In view of the difficulties which have been encountered by the apple 
growers of this State in controlling fire blight it was deemed advisable 
to test experimentally the control measures now advocated and to 
seek to develop improved methods. Accordingly, several series of 
plots were marked out in the fall of 1925 at Gays Mills, Wis. and each 
plot was subjected to a special treatment. One plot was left untreated 
as a control. Counts were made after the blooming periods to deter- 
mine the percentage of blossom blight developing in the different 
plots. Similar experiments were conducted in 1927 and 1928. The 
treatments and the results are shown in Table 14. 

It is recognized that these experiments are not extensive enough 
to warrant definite conclusions, particularly in view of the small amount 
of disease which developed in most of the control plots. However, 
from these limited data the following conclusions seem to be war- 
ranted: (1) Excision seems to have led to some reduction in the amount 
of blight in the following season, but (2) spraying for the control of 

S hids did not result in any material reduction in the amount of blight. 

)wever, while excision reduced the number of infections in most of 
these plots, it has not fully controlled the disease. The infections in 
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the plots in which excision was practiced could be traced back, in 
most cases, to overwintering cankers and blighted twigs overlooked 
in the excision process. However, the writer exercised unusual 
care in the effort to accomplish thorough excision. It is scarcely to 
be expected that better results would be obtained in commerical 
orchard operations. 

Table 14. — Studies of the comparative value of various measures for the control of 
apple fire blight , Gays Mills , Wis., 1926-1928 


Year ami series 


Plot 

number 


Variety 


Treatment 


Blossom clusters 


Ex *™ in - j might,., i 


Series 



2.. 

... do 

.. . 


3 . 




1 4 

. do 


Series II. 

.... 1 .. 

! Wealthy _ 



2. 

1 do 



3 . 




4 

do 


1927 




Series 1 

... 1 . . 

Fameuse.. 




2.. 

do 



, 3.. 

do. . . 



i 4.. 

. ..do ... 


Series 11 ... 

... 1 . 

do... . 



2 

. . . do 


Series III 

if 

do 



: 2,. 

.do 



3 . 

do . . . 



J.. 

Wealthy.. 


Series IV* 

....; 2... 

do 



j 3 ... 

do 


1928 




Series I 

.....J 1 .. 

Fameuse 



: 2.. 

do 



3.. 

do. . . 



4.. 

do 


Series II 

.--J K. 

do 



1 2.. 

do 



3.. 

do 



| 4.. 

do 


Series III.. 

....' 1.. 

...do 



1 2__ 

- do 



( Excision, September, 1925, and April, 
1926 

Scalecide (1-15), Apr. 30, 1926 

Nicotine dust, May 3, 1926 

Bordeaux, 2-4-, 50, June 23, 1926 

Excision, September, 1925, and April, 
1926 

(Scalecide (l-15);'Apr. 30, 1926. . . 

{Nicotine dust, May 3, 1826 

[Bordeaux, 2-4-50, June 23, 1926.. 

Control 

/Excision, September, 1925 

l Scalecide (1-100), May 5, 1926. .. 

Excision, September, 1925... 

. Scalecide (t-100), May 5, 192'*... 
Control i 

/Excision, August and September, 1926. j 

(Nicotine dust, Maj 1, 1927 ' 

Excision, August and September, 1926.! 

Nicotine dust, May 1, 1927 ! 

Control . i 

Excision, August, 1926.. 

Control 

Excision, August. 1926. 

Nicotine dust, Maj 1, 1927 

Control ... 

: Nicotine sulphate (1-800), April, 1927 

/Excision, August, 1926 

(Nicotine sulphate (1-800), April, 1927 
Control 


Number Per cent 


3, 394 


j} 


\Derrisol (1-800), Apr. 27, 1928. 

Excision, August, 1927 

Derrisol (1-800), Apr. 27, 1928. 

Control 

/Excision, August, 1927. 

1 Derrisol (1-800), Apr. 27. 1927. 

Excision, August, 1927 

Derrisol (1-800), Apr. 27, 1928. 

Control 

Excision, August, 1927 

| Control... 


■I 


3, 110 


5,551 

8.044 

8,672 
9, 762 
6, 944 

4,990 

4,022 
3,684 
4, 678 
4,682 
4.287 ; 
3, 127 i 
1,730 I 
3, 155 ! 
4,037 ! 
4,523 ! 
4,403 j 

2, 045 | 

2, 160 
2.974 j 
1.000 j 

2, 475 j 

2.530 
2,260 ' 
3,300 | 
1,915 ! 
1.925 


33 

8 


1 

0 

3 

S 

12 

14 


“ The unusually high blossom-blight count in this plot was due to a number of overwintering cankers 
wmch were overlooked in certain of the trees during excision. 


BORDEAUX MIXTURE 

Stevens, Ruth, and Peltier (26) and McCue (20) report that Bor- 
deaux mixture applied during the blossoming period of pears seems to 
offer some protection against blossom blight. Reimer (22, 23) con- 
cluded after a series of experiments that Bordeaux mixture applied to 
pear trees during the open-cluster stage of blossom-bud development 
will materially reduce the number of blight infections but will not 
prevent all infections. Recently McCown (19) reports having re- 
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duced the number of blossom infections in apple by an application of 
Bordeaux mixture when the flowers were just coming into full bloom. 
In view of the fact that the inoculum for fire blight is largely rain- 
borne under Wisconsin conditions and that the critical period for 
infection includes the blossoming time, it was deemed advisable to 
determine whether an application of Bordeaux mixture at blossoming 
time would reduce the amount of infection in apples under local con- 
ditions. In 1926 Bordeaux mixture, 2-4-50, was applied to 40 
Wealthy apple trees and 100 McMahons at full bloom, care being 
taken, in so far as it was possible, to cover the trees well. A month 
later blossom-blight counts were made in the sprayed and unsprayed 
plots. (Table 15.) In 1927 tests were again made, using a stronger 
solution of Bordeaux mixture in accordance with Reimer’s {22, 28) 
recommendations. In this experiment Bordeaux mixture, 3-6-50, 
was applied to 80 Fameuse trees when most of the blossoms were 
just beginning to open. The results, which appear in Table 15, show 
that the amount of blossom blight was not materially reduced by 
these Bordeaux-mixture applications. However, more data are 
needed before any valid conclusions can be drawn as to the value of 
Bordeaux-mixture applications in the control of blossom blight under 
Wisconsin conditions. 

Table 15 . — The effect of Bordeaux-mixture applications on subsequent blossom- 
blight development, Gays Mills, Wis., 1926-27 


Year and variety 


1926 

Wenlthy 

McMahon 


Fameuse 


1927 


, Sprayed blossom Unsprayed blossom 
Strength of clusters clusters 

Bordeaux 


mixture 

used 

Ex- 

amined 

Blighted 

Ex- 

amined 

Blighted 


Number 

Per cent 

Number 

Per cent 

2-4-50 

7 , 170 | 

2 

7,045 

5 

2-4 50 

7, 261 

19 

7,352 

17 

3-6-50 

5, 887 

, 

i4 ; 

6, 180 

19 


BACTERICIDES 

In an attempt to find a suitable chemical treatment for the control 
of fireblight, laboratory and greenhouse tests were made. In the 
laboratory a number of different chemicals which were thought to 
possess bactericidal properties were tested. Among the substances 
tried were sodium silicofluoride, calcium silicofluoride, Bordeaux 
mixture, 4-4-50, Bordeaux mixture, 4-8-50, Uspulun, 8 Semesan Bel, 9 
and Improved Semesan Bel. 10 In testing the bactericidal action of 
these substances the method outlined by Anderson and McClintic 
(I), with some modifications, was followed. Very briefly, the pro- 
cedure used was as follows: One-tenth of a cubic centimeter of a 24- 
hour-old nutrient broth culture of Bacillus amylovorus was trans- 
ferred by means of a sterile pipette to a test tube containing 5 c. c. of 
a solution of suspension of the chemical to be tested. This tube was 


* A proprietary compound containing chlorophenol mercury. 

* A proprietary compound containing hydroxyraercurichlorophenol. 
An organic mercury compound. 
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shaken thoroughly and at the end of 2% 5, and 10 minutes, respec- 
tively, a loopful (4 mm. in diameter) of the baterial suspension in the 
solution being tested was transferred to a test tube containing 10 c. c. 
of sterile nutrient broth. The tubes were then incubated at 24° C. 
for 48 hours. Growth in the tubes indicated that the substances at 
the particular concentration used were ineffective in killing the bac- 
teria. A duplicate set of controls was run for each chemical tested. 
As controls, one-tenth of a cubic centimeter of a 24-hour-old nutrient 
broth culture of B. amylovorus was added to 5 c. c. of sterile nutrient 
broth. A loopful of the resulting bacterial suspension was transferred 
to a sterile tube of nutrient broth at 2% 5, and 10 minute intervals, 
respectively. Of the substances tested, sodium silicofluoride and cal- 
cium silicofluoride failed to show significant bactericidal action against 
B. amylovorus , as they were ineffective at all dilutions tried. (Table 
16.) Bordeaux mixture, 4-4-50 and 4-6-50, were also ineffective. 
A 1 per cent solution each of Uspulun and Semesan Bel, a one- 
sixteenth per cent solution of Improved Semesan Bel, and Bordeaux 
mixture, 4-8-50, were all effective in inactivating the bacteria, as was 
indicated by the lack of growth in the tubes of broth. The control 
tubes on the other hand, were heavily clouded, indicating that in these 
tubes growth had taken place. The most promising of these chem- 
icals were subsequently subjected to further tests. In these tests 
approximately one-tenth cubic centimeter of each of a one-half per 
cent solution of Improved Semesan Bel and Bordeaux mixture 4-8-50 
was placed on a sterile glass slide and allowed to air dry under aseptic 
conditions. 

Table 16. — The bactericidal action of certain chemicals on Bacillus amylovorus 

Madison , W is., 1928 



Results* after exposure ! 


Chemical and concen- 

for — 

i 

Chemical and conoen 

tration * 

i" 


tration a 


\2 Vi min- 5 min- 
utes | utes 

; 10 min- 1, 
i utes I 



Results * after exposure 
for — 


2H min- 
utes 


I 

5 min- 1 10 min- 
utes I utes 


Sodium silicofluoride: 

1:20.000 

1:1,000 

1:100 

Calcium silicofluoride: 

1:1,000... 

1:200 

i 

-f 

4* 

1:100 


Bordeaux mixture: 

i 

4-6-50 

j + 

4-8-50 

Calcium hydroxide: 


1:10 

+ 


!! Calcium carbonate: 


4- 

+ 

!; 1 : 10 

4- 


! ; Uspulun: 

4 

4- 

1:200 



1:100 

+ 

4* 

Semesan Bel: 

+ 

4- 

1:500... 

+ ! 

4- 

Ij 1:200 



!> 1:100 

4- ! 

— 

| Improved Semesan Bel: 

— j 

— 

Ij 1:800 



jj 1:1,600 


+ 

+ 

4- 

•f 


+ 

+ 

+ 


4 ~ 


+ 


I 

! 


* The chemicals used, except proprietary products, were “chemically pure”; dilutions were made with 
sterile distilled water on the basis of weight. 

6 4- -growth in the tubes of broth; — =»no growth in the broth 


Approximately five-hundredths of a cubic centimeter of a pure 
suspension of B . amylovorus in sterile distilled water was then added 
to the surface of the dried film on the slide. At the end of 10 minutes' 
exposure a loopful of the bacterial suspension was transferred to 
several drops of sterile water in a sterile Petri dish to which corn- 
meal agar was added and mixed with the bacterial suspension by the 
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usual poured-plate technic. At the same time a loopful of the 
bacterial suspension from a control was transferred to (1) a Petri 
dish containing sterile water and to (2) a Petri dish containing a 
loopful of the sterile bactericide. After a suitable incubation period 
the number of colonies in each plate was determined. This experi- 
ment was repeated several times with consistent results, a typical 
series of which appears in Table 17. These data show that the 
highly alkaline Bordeaux mixture exercised a strongly toxic effect 
(fig. 16, B) on the blight bacteria, while Improved Semesan Bel, 
1-200, (fig. 16, A) completely inactivated them under the conditions 
of these experiments. 



Figure 16.— Cultures showing the action of certain chemicals oil Bacillus amylovorus: A, Bacteria 
exposed to the action of Improved Semesan Bel, one-half per cent, before plating; B, bacteria 
exposed to action of Bordeaux mixture, 4-8-50, before plating; C, control 


Table 17 . — The toxic effect of certain bactericides ° on Bacillus amylovorus 


Chemicals and concentration 6 


A verage 
number of 
colonies per 
plate after 
JO minutes 
exposure 


Bordeaux mixture, 4-8-50 « Ah 

Improved Semesan Bel, 1 :200 0 

Untreated control ... . d -f 


• These bactericides were placed on sterile glass slides and allowed to become air dry under asceptie 
conditions; their action upon B. amylovorus was then tested. 
b Dilutions were made with sterile distilled water on the basis of weight. 

e The colonies which developed were mostly small, submerged, and somewhat abnormal in appearance. 
d Colonies too numerous to count. 

Tests of the effectiveness of Semesan Bel in reducing the amount 
of fire blight under field conditions were^onducted in the spring of 
1927. The limbs and trunks of 16 Fameuse apple trees which con- 
tained numerous hold-over cankers and twigs were thoroughly 
spraved with a 2 per cent solution of Semesan Bel on April 20, when 
the blossom buds were in the early closed-cluster stage of develop- 
ment, and again five days later. No further applications were made, 
due to the limited amounts of the spray material on hand. Blossom- 
blight counts made later in the season failed to show any significant 
difference in the development of the disease on the sprayed and the 
unsprayed trees. (Table 18.) In 1928 further tests were made, 
using Improved Semesan Bel and several other organic mercury 
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compounds. In some instances as many as five applications were 
made, starting when the buds were in the early closed-cluster stage 
of development and continuing at intervals until petal fall. In some 
cases (Table 18) it would seem that the number of blight infections 
was reduced by certain of these chemicals. However, in interpreting 
these data it should be remembered that the number of overwintering 
sources of primary inoculum varied greatly in different trees. There 
seems to be considerable promise, nevertheless, in some of the chemi- 
cals tried. More data are necessary before conclusions can be drawn. 

Table 18. — Effect of certain chemical treatments on subsequent blight development 
on Fameuse apple , Gays Mills , Wis 1927 and 1928 


Year and number 
of trees in plot 


Treatment used 


Dates of j 
applied- i 
tion I 


Stage of 
bud de- 
velop- 
ment « 


Sprayed bios- Unsprayed 
som dusters blossom dusters 


Total 


Blight- 

ed 


Total ; 


Blight- 

ed 


16 

1927 

10 

1928 

20 


12. . 


1 . . 

s 

-- -1 

s 



Semesan Bel, 2 per cent i f Apr. 20 
• !.Apr. 25 


Semesan Bel, Y% per cent. 


.do... 


Semesan Bel, l per cent. 
K- 1-0 B, b 1 per cent 


K-l-CB, l percent.. 
K-l-FB.l per cent... 


.. Apr. 21 

. f . .do 

(Apr. 26 
...-{May f» 

; M ay 1 1 
(May 19 
[ M ay f> 
_. ' M ay 11 
iMay 19 
( M ay 1 
I M ay 6 
| May 11 
I May 19 
j May 3 
" l May 0 
/May 3 
/May 0 


OT 

.ECC 

& 

OT 

ar 

ECC 

MCC 

oc 

PF 

MCC 

OC 

PF 

ECC 

MCC 

OC 

PF 

ECC 

MCC 

ECC 

MCC 


Number Per cent Number Per cent 


> 862 

; 

L0 j 

f 

1.053 ; 

15 

1,010 

1 

2 j 

1,000 

8 

\ 1,010 

8 i 

1 

1.000 

7 

1 l.qpo 

4 

1,000 

8 

i 385 

i 

6 

618 

3 

\ 525 

3 

1,578 

9 

\ 745 

1 

1,578 : 



•> (}T = tJreen tip; ECC=»early dosed duster; MCC = middle dosed cluster; OC = open cluster; PF* 
petal fall. 

1 JC-l-GB, K-l-CB, and K-l-FB are organic mercury compounds. 


SUMMARY 

In Wisconsin, epidemic outbreaks of fire blight of ' apple are fre- 
quent and very destructive. Numerous attempts of orchardists 
to control the disease by the commonly recommended methods 
have been attended with but indifferent success. The variability 
in the severitv of occurrence of fire blight and the difficulty of its 
control have led to further studies of the disease under local con- 
ditions. Two correlated lines of work have been undertaken: (1) 
Studies of the development and control of the disease in relation to 
the natural environment and (2) detailed studies, under partly con- 
trolled conditions in the laboratory and greenhouse, of certain phases 
of the life history of the casual organism in relation to pathogenesis. 

Records of the seasonal development of the host, the pathogene, 
and the disease at Gays Mills, Wis., are presented for the years 
1926, 1927, and 1928 in correlation with certain meteorological 
data. Although no general epidemic outbreaks of fire blight occurred 
in these years, local outbreaks were prevalent. These outbreaks were 
traceable to local sources of primary inoculum and appeared to be corre- 
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lated .more with the amount and distribution of rainfall and suitable 
temperatures for infection than with insect activity. 

Bacillus amylovorus was found to overwinter in the apple in Wis- 
consin in association with cankers and blighted twigs. While only 
a small percentage of the cankers or blighted twigs formed in any one 
year carried the blight organisms over the winter, it was snown 
that the bacteria live over winter under Wisconsin conditions in 
sufficient quantity to furnish a plentiful source of inoculum for 
primary infection. Varieties were found to differ greatly in the 

E ercentage of blighted twigs and of cankers which carry the blight 
acteria through the winter. Of the varieties studied, the percentage 
of cankers in which the organism passed the winter was greatest 
in Transcendent, Yellow Transparent, Fameuse, and Wealthy. 
On the Dudley, McIntosh, and Northwestern Greening, on the 
the other hand, comparatively few hold-over lesions were found. 
The smooth-margined type of lesion was largely responsible for 
carrying the disease over winter. The delimited lesion was com- 
monly found to be inactive. 

Isolation experiments furnished further evidence that the blight 
organisms overwinter largely in the apparently healthy tissues 
immediately adjacent to the discolored margin of the canker. As 
33 attempts made to isolate the bacteria from normal tissues 2 inches 
from the macroscopic margins of cankers were all negative, it appears 
unlikely that the blight bacteria often overwinter more than 1 inch 
from the visible margin of the canker. 

Meteoric water was found to be the most important agent con- 
cerned in Wisconsin in the spread of the primary inoculum from 
hold-over cankers and twigs where the pathogene overwinters to 
the current year’s growth. 11 Observations have failed to indicate 
that pollinating or other insects are concerned to any significant 
extent in the spread of the bacteria from overwintering sources 
to the susceptible parts. 

Meteoric water and insects appear to be the most important 
agents, under Wisconsin conditions, for disseminating the secondary 
inoculum. In some instances, meteoric water seems to be an even 
more important agent than insects in the spread of the secondary 
inoculum for both blossom blight and twig blight. 

Laboratory and greenhouse studies of the mode of entry of Bacillus 
amylovorus indicate that, under favorable conditions, the fire blight 
pathogene can gain access to the tissues of the host through stomata. 
Cases of stomatal penetration have been found in inoculated tissues 
taken from (1) young apple leaves, (2) sepals of unopened apple 
blossoms, and (3) the inside of the receptacle cups of apple and pear 
flowers that were open when inoculated. In each case the inocula- 
tion was made by atomizing with a pure suspension of B. amylovorus 
in water. 

Studies of the migration of Bacillus amylovorus suggest that in 
the initial stages of invasion of the host tissues the fire-blight bac- 
teria are free-swimming in the liquid in the intercellular spaces. In 
later stages of infection they were found embedded in a substance 


n Since this manuscript was submitted Dr. E. 0. Tuliis has published certain studies on the over- 
wintering and modes of infection of Are blight. (Mich. Agr, Expt. Sta. Tech. Bui. 97, 32 p. 1920.) I n 
the main Doctor Tunis’s conclusions are similar to those of the author. 
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which stains differently than do the bacteria. The nature of this 
substance was not definitely determined. However, conclusive 
evidence that such masses are true zoogloea seems to be lacking. 
In the advanced stages of the disease, B. amylovorus was found 
within the cells. In some instances the bacteria appeared to have 
migrated from one cell to another through apertures in the walls. 

Studies of the parasitism of Bacillus amylovorus suggest that the 
host cells are probably killed by plasmolysis following the extraction 
of water from the cell contents. Toxin production was not demon- 
strated with the methods used. In a number of hold-over cankers 
which were examined histologically, the bacteria were found within 
the sieve tubes of the phloem in the area immediately surrounding 
the discolored margin of the canker. In several instances the bac- 
teria were found so crowded in the sieve tube cells of the phloem that 
individual bacterial rods were distinguishable only with difficulty. 
No evidence of cyst formation was found. 

All varieties of apples grown in Wisconsin are susceptible in a 
greater or less degree to fire blight. However, such varieties as the 
Transcendent, Yellow Transparent, Fameuse, MacMahon, and 
Wealthy are subject to severe attacks pf fire blight, whereas the 
McIntosh, Dudley, and Northwestern Greening are seldom severely 
infected. 

Preliminary studies of the nature of resistance to fire blight are 
reported. These studies indicate that resistance is probably due, 
in part at least, to the laying do.wn of a corky barrier by the host. 
In some varieties this barrier seems to be laid down very quickly 
after infection. 

Studies of variability in varietal resistance to fire blight are reported. 
Variations in temperature within the limited range used aid not 
appear to have any significant influence on the expression of resist- 
ance to fire blight. Subjecting so-called resistant varieties to vari- 
ations in moisture, however, did seem to affect resistance. 

The results of studies of the influence of pollination on the sus- 
ceptibility of flowers to infection by Bacillus amylovorus were not 
fully conclusive. They show, however, that apple flowers may remain 
susceptible to infection by B . amylovorus for at least 150 hours after 
pollination. 

Control experiments conducted during 1926, 1927, and 1928 are 
reported. The value of the results is limited because of the small 
amount of disease which developed in these years. However, excision 
of blight lesions in the dormant period appeared to cause some reduc- 
tion in the amount of blossom and twig blight in the following season. 
The control of aphids did not result in any significant diminution 
in the amount of blight. It should be borne in mind, however, that 
comparatively little twig blight occurred under the conditions of 
these experiments. Bordeaux misture, 3-6-50, applied at blossom- 
ing time afforded little protection from blossom blight of apples 
in 1926 and 1927. Experiments are reported in which an effort 
has been made to discover a suitable bactericidal treatment which 
would inactivate such inoculum as escapes the excision process. 
Thus far, the results from such studies are not conclusive. 
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STUDIES OF QUALITY AND MATURITY OF APPLES 1 


J. L. St. John, Head , Division of Chemistry, and O. M. Morris, Horticulturist , 
Washington Experiment Station 

INTRODUCTION 

The term maturity as used in discussing crop growth and harvest 
is indefinite in meaning. It does not define or locate an exact con- 
dition or date before which the material under discussion is immature, 
or at which it is mature, or after which it is overmature. Apples 
harvested extremely early are commonly of poor quality for eating, 
and if harvest is delayed until the crop is falling it is usually of poor 
storage quality. These facts form the basis of the problem discussed 
in this paper. 

REVIEW OF LITERATURE 

Magness and Diehl (IS ) 2 emphasize the fact that the ripening process 
in apples is a combination of many* factors. The different changes 
that take place in the fruit as it approaches maturity on the tree may 
continue at varying rates in different seasons and under different 
climatic and nutritional conditions. Magness and Diehl (12) state 
that the general changes in apples while ripening on the tree are (1) 
changes in acidity, (2) changes in sugar and starch content, (3) 
changes in the pectin content, and (4) changes in the moisture content. 
Plagge, Maney, and Gerhardt (17) are of the opinion that some of 
the changes associated with the ripening of apples on the tree and in 
storage are a loss of moisture, acidity, dextrins, starch, and acid- 
hydrolyzable material. They found an increase in specific gravity, 
sugars, and soluble pectin. 

Browne (S) sta tes that the sweetness of an apple is dependent on the 
absence of malic acid rather than on an excess of sugar as is commonly 
supposed. Apples frequently contain more sugar than fruit of a 
sweeter kind. Magness and Burroughs (11) state that acidity is an 
important factor in the flavor of fruit and is largely responsible for its 
freshness of taste. Magness (10) finds that sugars and acids are 
intimately linked with fruit flavor. Magness and Diehl (12) believe 
that acidity is of much importance in determining the quality of 
fruit. 

Bigelow, Gore, and Howard (1) recognize that the variation in com- 
position of fruit on the tree introduces a possible variation that is 
exceedingly difficult to calculate. They feel that only by obtaining 
a large amount of evidence can a clear indication be obtained of the 
changes that occur. Jones and Colver (8) believe that the composi- 
tion of apples may vary with their position on the tree. Magness 
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and Diehl (13) note a wide variation in sugar content in apples of the 
same variety and from the same trees grown in Virginia during the 
two seasons 1923 and 1924. The 1924 crop was distinctly lower in 
sugar content. 

Total sugars have been shown to increase through part or all of the 
growing season (7, 18), as well as during storage (12, 13). It is be- 
lieved that an important change is that of starch to sugar. Probably 
certain pectin and hemicellulose compounds are converted into sugars 
(11). Starch has been shown to decrease during the growing and 
storage season (1, 12) and invert sugar has been found to increase 
during growth and storage (I, 19 , 16). According to Thompson and 
Whittier (19), the reducing material consists mainly of levulose. 
Sucrose has been shown to increase during ripening and to decrease 
in storage (15, 17). Magness and Burroughs (11) find that sugar 
changes are much less affected by storage conditions than are acidity 
changes. 

A decrease in acidity during growth has been noted by several 
workers (1, 3, 17, 18). Magness and Diehl (12) suggest that the most 
accurate conception of acidity changes in apples while on the tree is 
that of high acid content early in the season followed by a dilution 
as the fruit increases in size with a consequent low acid concentration 
in the mature fruit. Because of the wide variation in acidity in 
individual apples it would be necessary to use large samples to 
determine accurately what influences the rate of acidity loss. 

Magness and Burroughs (11) find that in stored apples the acidity 
varies greatly with the conditions under which the fruit is stored, 
and Magness and Diehl (13) call attention to the fact that because 
of the wide variations existing particularly in the acid content of dif- 
ferent individual apples, it is difficult to determine accurately the 
decrease in acidity under different storage conditions. Haynes's (6) 
acidity determinations on individual apples show that the average 
deviation from the mean was 6 to 15 per cent of the mean. Other 
determinations showed the percentage to vary from 13 to 19. Evans 
(6) finds a rather wide range in acidity and total sugars in samples of 
identical history and like degree of maturity. 

Bigelow, Gore, and Howard (1) note that the chemical composi- 
tion of apples changes very rapidly after they are picked from the 
trees. In six days the composition of summer apples changed from 
24 per cent starch, 4.6 per cent sucrose, and 24 per cent invert sugar to 
5.9 per cent starch, 12.9 per cent of sucrose, and 38.2 per cent sugar. 
This was a greater change in starch than took place in apples which, 
remained on the tree for 43 days. Plagge, Maney, and Gerhardt (17) 
think the time of picking or condition of maturity at the time of stor- 
age within certain limits affected but little the ultimate chemical 
composition of the apples in cold storage. Under cold-storage con- 
ditions acidity, dextrin, starches, and acid-hydrolyzable material 
gradually decreased with a correspondingly slow increase in simple 
and disaccharide sugars. 

MATERIALS AND METHODS 

Jonathan apples from the experiment station orchard at Pullman, 
Wash., formed the basis of the larger part of the work reported in this 
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paper. Work was also done on Rome Beauty, Winesap, and Delicious 
from Yakima and on Jonathan and Delicious from Clarkston, Wash. 

The data for 1923 and 1924 crops include measurements and anal- 
yses on samples from a period several weeks before the ordinary harvest 
date through harvest and through the ordinary period of storage. 
These samples were collected at intervals representing as nearly as 
possible definite stages in the maturity of the fruit. The fruits were 
hand picked from all parts of the trees and brought directly to the 
laboratory, where some were used by the horticultural division for the 
study of physical characteristics, including pressure tests as described 
by Morris (1J+), and for the recording of the histological data. The 
remainder were used for chemical analysis. 

During the 1924 season, duplicate samples were collected to obtain 
data on the natural variation occurring between samples from the 
same tree or from the same orchard. Duplicate determinations were 
then made on each of the duplicate samples. 

Six to eight representative apples were quartered and cored and a 
thin slice was taken from each of the various quarters until the required 
weight of sample was obtained. 

To determine the dry weight 50 gm. of the sample were weighed into 
a tared beaker, evaporated down on the Steam bath for a short time, 
placed in a vacuum oven at 70° C. and 15 cm. pressure for five hours 
or to constant weight. 

Ash was determined on the sample remaining from the moisture 
determination by burning in a muffle furnace. 

To determine the sugars and acid-hydrolyzable reducing material, 
25-gm. samples were covered with 100 e. c. of 95 per cent alcohol, 
the acid was neutralized, and the sample boiled vigorously for a few 
minutes on the steam bath. The alcohol was carefully decanted and 
the residue extracted with alcohol for 12 hours. The extract was 
added to the original filtrate and made up to 500 c. c. with distilled 
water. Reducing substances were determined on 10 c. c. of this solu- 
tion by the Munson and Walker method, weighing the cuprous oxide. 
Fifty cubic centimeters of the above solution were hydrolyzed b} 
adding 10 c. c. of hydrocholoric acid, making up to 100 c. c., and 
allowing to stand overnight. Reducing substances were again de- 
termined and calculated as dextrose. The residue from the alcohol 
extract was dried and hydrolyzed with 125 c. c. 2.5 per cent hydro- 
chloric acid under a reflux condenser for two and a half hours. The 
solution was cooled and nearly neutralized with sodium hydroxide. 
This was made up to 250 c. c. and reducing substances were determined 
on a 10 c. c. aliquot. This is referred to as alcohol-insoluble acid- 
hydrolyzable material. 

For the determination of acid 50 gm. of the sample were placed in a 
beaker, 150 c. c. of distilled water were added, and the material imme- 
diately boiled. The solution was made up to 500 c. c. and allowed to 
stand with frequent shaking for three days, 2 c. c. of toluol having 
been added to prevent decomposition. One hundred cubic centimeters 
of this solution were then titrated with 0.1 N sodium hydroxide. The 
end point was determined by phenolphthalein as indicator. 

A portion of the sample was ground through a hand mill and the 
juice expressed. The viscosity was determined at 25° C. Hydrogen- 
ion concentration was determined with a Hildebrand electrode, using 
a Leeds and Northrup type K potentiometer. 
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The acidity of the juice was determined by titrating 25 c. o. of 
the juice with 0.1 N sodium hydroxide, the end point being determined 
electrometrically. Titration curves were constructed. 

Nitrogen was determined on 25 gm. of the sample by the ordinary 
Kjeldahl method. 

RESULTS IN 1923 

During the 1923 season Jonathan apples were collected from the 
station orchard on seven different dates extending from August 30, 
when the fruit was still decidedly green, to October 23, which was 
well past the commercial harvest date. The results obtained from the 
chemical analyses of these samples are presented in Table 1. The 
data are the averages of determinations on duplicate samples taken 
from individual orchard samples. 


Table 1. — Composition of Jonathan apples harvested on the Washington Experiment 

Station farm in 1923 
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Remarks 


. u . I 

3.72i Very green, very hard, 5 per cent red, sour, 
! no aromatic flavor, poor eating quality. 

3.66 Green, very hard, 8 per cent red, no aro- 
matic flavor, poor eating quality. 

3.72: Green, very hard, 20 per cent red, slight 
| aromatic flavor, poor to medium eating 
| quality. 

3.67; Green, hard, 50 per cent red, distinct 
I aromatic flavor, medium eating quality. 

2.02; Green to yellowish green, hard, 75 i>er cent 
red, distinct aromatic flavor, good eating 
( quality. 

2.07! Greenish yellow', hard, 85 per cent red, high 
l aromatic flavor, very good to best eating 
quality. 

1. 38' Greenish yellow, firm to hard, 90 per cent 
J red, medium to high aromatic flavor, very 
j good to best eating quality. 


The data do not indicate any consistent or progressive variation 
in the percentage of dry matter through the growing season. The 
same is true of the ash and nitrogen, although it may be said that 
there seems to be a tendency for the nitrogen to decrease. The per- 
centage of acid may be interpreted as showing a tendency to decrease 
as the apple matures, although in the light of the average variation 
in Table 5 this decrease is not significant since the actual amount 
of acid per apple increases slightly. The total sugars increased about 
3 per cent from August 30 to October 23. This increase is almost 
entirely accounted for by the increase in sucrose, since the change 
in the amount of reducing sugars was small. Sucrose showed a 
decided increase during the 1923 season; on October 9 there had been 
an increase of about 110 "per cent over the amount found on August 
30. Two weeks later, on October 23, the total increase was over 
150 per cent. 

The question arises as to the source of this additional sucrose. 
In this connection it is interesting to study the variation in the 



oct. is, 1929 Studies of Quality and Maturity of Apple s 


627 


percentage of alcohol-insoluble acid-hydrolyzable materials (called 
starchy material and starch in Washington Bulletin 205 ( 16 ) ). This 
portion of the apple undoubtedly includes pentosans, cellulose, hemi- 
cellulose, glueosides, pectoses, and other carbohydrate bodies besides 
starch that undergo hydrolysis and are converted into reducing sub- 
stances on boiling with hydrochloric acid but can not be considered 
starch, as emphasized by Magness ( 9 ). These alcohol-insoluble acid- 
hydrolyzable materials decreased from about 3.7 to about 1.4 per 
cent, or a decrease of about 63 per cent. 3 During the same period 
the sucrose increased from 1.87 to 4.74 per cent, or an increase of 
more than 150 per cent. The weight of alcohol-insoluble acid- 
hydrolyzable material per apple increased up to September 26, after 
which there was a drop in the amount of this fraction. The weight 
of sucrose per apple steadily increased. 

Three possible sources of sucrose are suggested. A part may come 
from the alcohol-insoluble acid-hydrolyzable portion, since this shows 
a percentage decrease and also a decrease in the amount per apple 
after a certain date. It is also possible that increased enzymatic 
activity may have converted a part of the alcohol-insoluble mate- 
rial, which is not hydrolyzable by hydrochloric acid, into sucrose. 
The principle part is, however, probably synthesized from hexoses, 
which are translocated from the leaves. 

The percentage of the alcohol-insoluble acid-hydrolyzable fraction 
does not show a progressive decrease throughout the period of this 
study, but remains practically constant through September 26, and 
then drops very decidedly by the next picking date. There were no 
killing frosts during this interval. On the other hand, the quantity 
of sucrose shows a fairly regular progressive increase. 

PHYSICAL-CHEMICAL DATA 

In addition to the chemical data just discussed, certain physical- 
chemical measurements have been recorded and are presented in 
Table 2. These were made on the juice expressed from the apples. 
The results of the measurement of conductivity on the same water 
extract which was prepared for the determination of total acidity are 
also given. 

Table 2. — Physical constants of juice from Jonathan apples harvested in 1923 
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Sept. 20. .. . 
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.88 | 
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! 1.0616 1 

1.84 

3. 25 | 

.73 j 
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1.0613 | 

i 

1.78 

3.35 

.64 

39.5X10-4 

5.88X10 4 


* In order more clearly to indicate ti e comparison with the sucrose increase of 150 per cent, it may be 
stated that- these alcohol-insoluble acid-hydrolyzable materials were 170 per cent higher at the beginning 
than at the close of the period. 
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The measurements in these data which suggest a progressive varia- 
tion are those of hydrogen-ion activity and acidity of the juice as 
measured by electrometric titration. There is a greater variation 
in the acidity of the juice than in the total acidity as determined on 
the water extract, and varying in the same direction is the hydrogen- 
ion activity, which is decreasing (increasing pH). 



Figure 1.— Titration curves showing acidity of juice of apples harvested in 1923 on dates indicated 

The titration curves for the juice are presented in Figure 1. These 
indicate graphically the variations in pH and in total acidity men- 
tioned above, and in addition they show that the buffer value of the 
juice is about the same at the different stages of maturity. 

Table 3. — Changes in composition of Jonathan apples harvested October 5, 1923 , 

and stored at 4-5° to 50 ° F. 


Date 

Dry 

matter 

i ... 

Ash 

Acid as 
malic 

Dec. 5 

Dec. 7 

i „ 

Per cent \ 
1 15.74 

17. 19 
17. 10 

Per cent 
0.31 
.232 

. 11 j 

Per cent 
0. 59 

Jan. 3 
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Sugar 
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lyzable 

material 

Per cent j 

Per cent 

Per cent 

Per cent 

Per cent 

0.050 1 

7. 98 

3.44 

11.42 

1.07 

.052 

8. 70 

3.80 

12.50 

.89 

. 040 

8.94 

3.66 ! 

12.60 

.79 


STORAGE RESULTS 

The data obtained on the Jonathan apples from the station farm 
which were placed in storage are presented in Table 3. These apples 
were harvested and stored at 45° to 50° F. on October 5. 

Apples which varied in size were selected in an effort to determine 
whether the composition varied with size and also whether size 
were correlated with keeping quality, for Morris (14) had found that 
large fruits of the same variety, from the same tree, and harvested 
at the same time, do not keep as well as smaller fruits. The data 
in Table 3 do not suggest such variation. A comparison of these 
data with those for the fruit picked from the trees (Table 1) shows 
that a further decrease of acid and of the alcohol-insoluble acid- 
hydrolyzable material takes place after the fruit is placed in storage. 



oct. i 5 , 1929 Studies of Quality and Maturity of Apples 629 

RESULTS IN 1924 4 

In 1924 the work was enlarged to include the analysis of duplicate 
samples. As previously stated, duplicate determinations were made 
on all samples analyzed in 1923. In 1924 a sample was collected 
from a section of the orchard to be studied, care being exercised to 
make the sample as representative as possible from the horticultural 
and chemical standpoint. The same trees were sampled a second, 
and, in several cases, a third time. Duplicate determinations of 
each of the fractions studied were made on each of the duplicate or 
triplicate samples. 

The data obtained on the samples collected during the growing 
season of 1924 are presented in Table 4 and Figure 2. 

The figures in Table 4 represent the average of the duplicate and 
triplicate determinations. Comparing the variation between the 
amount of dry matter in duplicate and triplicate samples shown in 
Table 4 and that for storage apples shown in Table 6, it was found 



Figure 2.— Titration curves showing acidity of juice of apples harvested in 1924 on dates indicated 

that the average variation between the duplicate or triplicate sam- 
ples was 0.684. (Table 5.) The average variations for other determi- 
nations are also shown in Table 5. 

The data for the 1924 storage apples are given in Table 6. These 
apples were harvested and placed in storage at 45° to 50° F. on 
September 25. 

Tables 4 and 6 also give the averages of the analyses of duplicate 
samples. If we assume that a variation three times tne average varia- 
tion is a significant variation it would appear that the variation in dry 
matter is not significant during the growing season, since the variation 
between the earliest and latest picking is only 0.82 per cent and no 
intermediate variation is equal to more than twice the average varia- 
tion. Viewed in the same way it is doubtful if there is a significant 
variation in dry matter during storage. 

Considering the total acid, it again appears that the largest variation 
is less than twice the average variation. The data for the amount of 
acid in storage might be interpreted by inspection to show a decrease. 
However, it is only twice the average variation. 


* The writers desire to express their thanks to Tom Beal for assistance in the analytical work of 1924. 
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Table 4. — Composition of duplicate and triplicate samples of Jonathan apples 
harvested on the Washington experiment station farm in 1924 


Date of 
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7. 39, 
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Remarks 


Very green, very hard, 5 per cent 
red, no aroma, very poor eating 
quality. 


Very green, very hard, 12 per cent 
red, very slight aromatic flavor, 
very sour, low to medium eating 
quality. 


Very green, very hard, 16 per cent 
red, slight aromatic llavor, poor 
to medium eating quality. 


Green, hard, 3ft i>cr cent red, slight 
aromatic flavor, medium eating 
quality. 


Yellowish green, hard, 60 per cent 
red, distinct aromat ic flavor, me- 
dium to good eating quality. 


a South side of tree. North side of tree. 

Table 5. — Average variations between duplicate samples calculated on 1924 data 
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Table 6 . — Changes in composition of duplicate and triplicate samples of Jonathan 
apples harvested September 25, 1924 , and stored at 45 ° to 50 h F. until dates 
indicated 


Date 

Dry 

matter 

Ash 

Acid as 
malic 

Per cent 
0. 586 

Nitro- 

gen 

' 

Per cent 
0. 037 


Sugar 


Alcohol- 

insoluble 

acid- 

hydro- 

lyzable 

material 

Reducing 

Per cent 
7.41 

Sucrose 

Total 

Oct. 27 

Per cent 
16. 44 

Per cent 
0.294 

Per cent 
4. 71 

Per cent 
12. 12 

Per cent 

0. 65 

Nov. 4 

16. 57 

.307 

.547 

.037 

7.42 

3.99 

11.41 

.75 


16.96 

.238 

.572 

.040 

7. 48 

4.84 

12. 32 

.71 

Average — 

16. 77 

. 273 

i 

.560 

.038 | 

7. 45 

4. 42 

11.87 

.73 

Pec* 10— 

14. 73 

.303 

. 500 

. 052 

7.41 

3. 37 

10. 78 

.66 


16. 50 

.236 

. 552 

! . 04 6 

9.02 

8. 18 

12.20 

.83 

'Average... 

15.62 

.270 

j ,526 

j .049 | 

t 8.22 

3.27 

11.49 

.74 

Jan* 7 

15.21 

.230 

.418 

| -044 | 

8. 54 

2. 20 

10.74 

.71 
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Unfortunately, we do not have a determination of reducing sugar 
for the samples taken on September 19. The variation from Septem- 
ber 1 to 13 is a trifle more than the average variation between duplicate 
samples. From September 13 to October 8 the reducing sugars 
increased 0.81 percent, or more than twice the average variation. In 
storage on October 27 and November 4 these sugars were practically 
the same as at the last picking. Over a month later, on December 10, 
there had been an increase of 0.77 per cent of reducing sugars, which 
is a trifle over twice the average variation. 

The variation between samples in the amount of total sugars is 
large, as shown by comparison with the average variation. During 
the growing season the variation is first in one direction and then in 
the other. On the whole, however, it would appear that there is an 
increase in total sugars, since the difference between the amount found 
for October 8 and for each of the previous dates is either practically 
as great as or greater than three times the average variation for total 
sugars. Jt also appears that there was a further slight increase in 
total sugar for three weeks after the apples were placed in storage. 
Following this the total sugars appear to have decreased, although 
this, too, is open to question, due again to the fact that the January 7 
analysis was on one sample only. 

During growth the changes in sucrose followed in general the 
changes in total sugars. For the first three weeks in storage there 
was an increase in sucrose after which there was a decrease, the de- 
crease being greater than that in total sugars. This was due, of 
course, to the increase in reducing sugars and indicates that sucrose 
is converted into reducing sugars during storage. 

The alcohol-insoluble acid-hvdrolyzable material probably shows 
a greater variation than any of the other fractions determined. This 
will be further discussed when a comparison of the three years’ results 
is made. This material shows a progressive decrease through the 
growing period. The total decrease from September 1 to October 8 
is nearly fifteen times the average variation. There was a further 
significant drop in this fraction during the first three weeks of storage, 
after which it remained practically constant. 

COMPARISON OF RESULTS OF 1923, 1924, AND 192p 

Considering the data for the three years as a whole, it appears that 
there is a fluctuation in dry matter but no significant variation. 
In ash and nitrogen there is likewise little variation. The figures 
for total acid are probably the most difficult to interpret, but on the 
basis of the average variation, as discussed above, it appears that there 
is no significant variation. However, considering the figures, there 
appears to be a perceptible decrease in total acid, although this 
decrease is very small in many cases, and in no case is the decrease 
for the growing season equal to much more than twice the average 
variation. It would therefore seem best to conclude that there is no 
definite evidence of a significant decrease as the season advances. 
The only way in which it can definitely be shown whether or not the 
acid decreases is to analyze a much larger number of samples. The 
writers’ data agree with those of other workers in showing a per- 
ceptible decrease in acid as the fruit ages, but the significance of this 


6 See reference ( 16 ) for 1925 data. 
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decrease may have been overemphasized. The data for all three 
years agree in showing an increase in total sugars during the growing 
season. It is also apparent that this increase is due largely to an 
increase in sucrose, since there is no progressive decrease in the amount 
of this material as the season advances. 

Of the total sugars it appears that there were appreciably more in 
the apples in 1923 than in either 1924 or 1925, which showed ap- 
proximately the same amount. The same is true of the reducing 
sugars. The amount of sucrose seems to have been about the same 
for the three years. The amount of alcohol-insoluble acid-hydroly- 
zable material seems to have been about the same for 1923 and 1924, 
although the bulk of the decrease in this material came earlier in 
1924 than in 1923. This was probably due to the fact that the 1924 
harvest season was earlier. The amount of this fraction in the 1925 
crop was decidedly less throughout the season than in the other two 
years, as is readily apparent from Table 7. 



From these data it would not seem possible to establish a definite 
level to which this fraction must come in order to indicate a desirable 
period of maturity, but it is more than probable that it will be neces- 
sary to follow the amount of this material through the season to a point 
where there is a decided drop in the amount. Further work such as 
was suggested in 1924 is apparently necessary to establish this point. 

An interpretation by inspection would suggest that the amount 
of acid found in the 1925 crop is somewhat less than that in the two 
preceding crops. This difference is, however, only approximately 
twice the average variation. 

The annual rainfall at Pullman is about 20 to 22 inches. A very 
small proportion of it falls during the summer. The college orchard 
is not irrigated, and the soil is usually quite dry during August and 
September. The apples are small to medium in size, but when 
harvested late are of good color and of good eating quality. Those 
of the crop of 1923 were well colored and very small, but continued 
to increase in size until after the last samples were harvested. The 
fruits of the 1924 crop were very much larger than those of the 1923 
crop, were well colored, and continued to increase in size until after 
the middle of October. 


The season of 1923 was practically without rainfall during August 
and September. Bright, clear weather prevailed until October 16 
with relatively high temperature for the district. August 26 to 31, 
inclusive, had an average daily maximum temperature of 88° F. ana 
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an average daily sunshine of 12 hours. September had an average 
daily maximum temperature of 80° and an average daily sunshine 
of approximately 8 hours. October 1 to 23, inclusive, had an average 
daily maximum temperature of 57° and an average daily sunshine 
of 4 hours. 

In 1924 there were several light rains during the latter part of 
August and during September and October. These fell as slow 
drizzles, and a high atmospheric humidity prevailed during the 
cloudy days that followed. August 26 to 31 had an average daily 
maximum temperature of 66° F. and an average daily sunshine of 
9}£ hours. September had an average daily maximum temperature 
of 61°, and an average daily sunshine of approximately 8 hours. 
The first eight days of October had an average daily maximum 
temperature of 49°, and an average daily sunshine of approximately 
4 hours. 

The 1923 season was thus characterized by a large amount of 
sunshine, relatively high temperatures, and little or no rain, while 
that of 1924 was characterized by light rains, less sunshine, and 
lower temperatures. As previously suggested, it would therefore be 
expected that the fruit harvested in 1923 would be of better quality 
than that obtained in 1924. Bv reference to Tables 1 and 4 and 
accompanying legends this is found to be the case, as indicated by 
the amount of sugars present and by observations on color, flavor, 
and eating quality. 

QUALITY OF APPLES AS RELATED TO GROWTH AND EXPOSURE 

Tests of the eating quality of fruit were made of each crop of apples 
from 1923 to 1926, inclusive. These studies were confined to Jona- 
than, Rome Beauty, Winesap, and Delicious. A great variation was 
found in the quality of fruit within a variety and also in the quality 
of fruit from a single tree. Trees that suffered from drought during 
the middle and latter part of the summer usually produced fruit of 
very low quality. This is the first fact made clear in these tests. 
The similarity of low quality in some fruits from trees that seemed 
to be well supplied with water to those that were evidently suffering 
from lack of water, led to a careful study of the effects of environment 
on tree growth, and of weather on the quality of individual fruits. 
In this study quality was determined by taste. The fruits were 
graded as excellent, good, medium, and poor according to the ratings 
for quality given by 109 persons who tasted the fruits. In 1925 and 
1926 the quality of large numbers of fruits growing under the envi- 
ronmental conditions indicated in Table 10 was determined at harvest 
and after 30 and 90 days of storage. 

Dasture (4) in a study of the relation of water content to photo- 
synthesis found that a close relationship exists between the rate of 
assimilation of food by the plant and the water content of the foliage. 

Many tests to determine the loss of water by the fruit were carried 
out. "the results of one of these made in late August are presented 
here. Twenty fruiting spurs with fruit attached were removed 
from the tree, taken to the laboratory, and weighed before 8 a. m. 
Ten of these were left with the fruit and foliage attached. The 
fruit of the other 10 was separated from the twig. The lots were 
weighed and left on tables in the laboratory fully exposed to the 
dry air at a temperature of 78° F. The results are given in Table 8. 
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Table 8* — Loss of water by apple fruit and foliage when left exposed to dry air on 

a laboratory table at 78 ° F. 


Item 

Average weight 
at— 

Weight 

loss 

8 a. in. 

5 p. m. 

Apples with twig and foliage attached ... .. 

Gravis 
159. 2 | 
1 145.5 

11.2 

Grams 
152. 1 | 
145.1 

,oj 

Grams 

7.1 
.4 

4.2 

Apples with twig and foliage detached - 

Twigs and foliage only of second lot above _ 



Apples attached to the twigs carrying the foliage became very 
much wilted and showed shriveling of the skin while the detached 
fruit remained apparently plump and was only slightly wilted. Fruits 
attached to the largest amount of foliage lost weight most rapidly, 
while those attached to a few leaves only lost weight more slowly 
and the foliage remained green for a longer time. 

Apples on trees carrying a heavy load of foliage and a medium to 
light crop of fruit are often noticeably wilted during the very hot 
weather of summer. This is most apparent on fruit attached to 
twigs carrying a large amount of foliage and on varieties that have 
very large leaves. Water evaporates from the foliage more rapidly 
than it can be supplied by the tree and the twig draws some direct 
from the apples. 

Brooks and Fisher ( 2 ) showed that water-cored apples and the 
adjacent foliage had a high concentration of sap and that this sap 
had a very high osmotic pressure. They also showed that fruit in 
the part of the tree most exposed to sun was most water cored. 
Artificial shading seemed to prevent water-core development. 

Von Ende ( 15 ) states that a delicate balance exists between the 
enzyme processes which take place in the carbohydrate metabolism, 
that the process is reversible, and that the synthesis of starch and 
sucrose is a matter of the concentration of the hexoses. Sucrose is 
formed when the hexoses reach a certain concentration and starch is 
formed when the sucrose reaches a certain concentration. 

Temperature readings of the foliage are presented in Table 9. 
The temperature of the leaf does not indicate perfectly the rate of 
transpiration, but the two are closely related. Each temperature 
given in the table represents an average of 60 to 130 determinations. 
These readings, taken in an orchard at Cl&rkston, Wash., with a 
thermocouple and galvanometer, indicate clearly that in the early 
part of the forenoon the foliage of the different lots gave off moisture 
at approximately the same rate. At midday the foliage attached to 
the spurs carrying fruit gave off moisture ‘more rapidly than that 
attached to spurs of the same length without fruit. Evaporation of 
water from the foliage on twigs attached to spurs carrying fruit 
showed a slowing down very early in the day and continued at a 
slower rate than that on spurs without fruit until late in the day. 

In Table 10 are shown the records for quality in Jonathan apples 
growing on spurs of different lengths in exposed and in shaded situa- 
tions. These data represent quality as determined by taste only and 
have no reference to the appearance of the fruit as to color, size, or 
hardness. Each lot contained 100 apples. The fruit was about 
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average in range of hardness for the date of harvest and was from 
trees growing in a clean-tilled orchard. Fruit from an adjacent 
orchard carrying an alfalfa cover crop ranged practically the same in 
the different grades of quality. 

Table 9 . — Leaf temperatures of Jonathan apple trees in orchard at Clarkston , 

Wash., September 12, 1925 


Lot 

No. 

Type of spur 

9 a. in. 

1 1 a. m. 

12.30 
p. in. 

2 p. in. 

4 p. in. 

5 p. ill 


Air temperature in degrees Fahrenheit. 

70 

81.0 

85.0 

89. 0 

82.0 

75.0 

1 

Short nonfruiting 

i 67 

74.0 i 

78.0 

| 83.0 

77.0 . 

72. 5 

2 

Short fruiting „ 

1 07 

I 73.0 , 

77. 5 

! 83.7 

70.0 i 

71.7 

I 

Long nonfruiting 

i 07 

[ 77.0 i 

83. 2 

j 88.0 

81. 1 

74.2 

4 

Long fruiting 

i 67 

75. 1 : 

i 81. 5 

i 87. 0 

80.0 

‘ 73.0 

5 

Medium length nonfruiting with twig growth 


1 74. 0 

i 82. 0 

i 80. 7 

80. 1 

74.0 

0 

Medium length fruiting with twig growth . 

! 07 

74.0 

; 8i.o 

i 85. 1 

79.8 

73. 4 


Table 10 . — Quality of Jonathan apples harvested in Clarkston, Wash., September 
10, 1920, as related, to exposure to the sun 

[Tested Oct. 22 , 1926} 

FRCIT AND FOLIAGE EXPOSED TO SI N 


Lot 

No. 


Type of spur 


1 Fruits attached to twigs or spurs over IS inches long, without 

twig growth. 

2 Fruits attached to spurs 1 to 4 inches long, without twig growth 

3 Fruits attached to spurs S to 12 inches long, without twig growth . 

4 Fruits attached to spurs 4 to 10 inches long, carrying short twig 

grow t h 


Percentage of fruit grading — 


Excel- ! 
lent j 

Good 

Me- ! 
dium ; 

Poor 

0 

3 

9 

88 

10 

70 

20 

0 

8 | 

32 

51 

9 

41 

42 

j 12 

f, 


Fit I’ IT AND FOLIAGE PARTIALLY OR ENTIRELY SHADED 


1 Fruits attached t o t w igs or spurs over IK inches long, w ithout twig 

growth j 0 0 

2 Fruits attached to spurs 1 to 4 inches long, without twig growth 0 7. 

3 Fruits attached to spurs S to 12 inches long, without twig growth 0 7 

4 Fruits attached to spurs 4 to 10 inches long, carrying short t wig i 

growth . 0 i 5 


7 93 

41 51. r. 

29 04 

43 52 


The fruits of highest quality were those well exposed to the sun 
and attached to relatively short, vigorous spurs on large branches or 
on longer spurs of sufficient vigor to produce a fruit and a twig at 
the same time. Fruit produced on long, slender twigs or spurs with 
few leaves and that grown on the long spurs, as lot 4 of Table 9, was 
of distinctly inferior quality. 

The highest quality or highest flavored fruit was practically always 
found on the spurs which produced from the same winter bud a short, 
leafy twig, carrying 10 or more leaves, as lot 6, Table 9 and lot 4, 
Table 10, in contradistinction to those which produced the normal 
number of 5 to 7 leaves. It was noted also that maximum quality 
was quite uniformly found to exist in such fruit after three of four 
successive days of clear, dry weather, and that the lower quality of 
fruit was harvested from the same trees after a period of cloudy or 
rainy weather with lower temperatures. 
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High quality in apples seems to be closely related to medium 
growth and exposure to strong sunshine and dry air. Extreme dry- 
ing of the foliage and fruit prevents functioning and injures quality. 
A constant high-moisture content of the plant provides for such 
perfect assimilation of the plant foods that there is only a medium or 
normal quantity stored in the fruit. The superior quality is devel- 
oped under conditions between these extremes, that is, under such 
conditions as allow the maximum amount of sugars and other ma- 
terials that improve flavor to be stored in the maturing fruit. This 
is probably one cause of the difference in quality of fruit from different 
districts, and also in different crops from the same orchard. 

In two instances in 1924, duplicate samples of Jonathan apples 
were taken from the north and the south sides of the same tree and 
analyses were made. The fruit and adjacent foliage on the south side 
of the tree were exposed to the direct rays of the sun three to five 
hours longer each day than that on the north side, and the fruit showed 
more red color. No other recognizable difference in environment was 
apparent when the samples were gathered. These data are included 
in Table 4 under the dates of September 8 and 13. In both instances 
the total sugars, reducing sugars, alcohol-insoluble acid-hydrolyzable 
material, and total carbohydrates were higher in the samples taken 
from the south side. In one instance the sucrose was decidedly 
higher, while in the other it was a little lower in the sample from the 
south side. In both instances the insoluble material was lower in the 
samples taken from the south side of the tree. 

Samples rating Fancy and C grade, 50 and 20 percent, respectively, 
good red color, were taken on February 22 from a storage lot of Jona- 
than and one of Rome Beauty apples, and analysis made, with the 
results shown in Table 11. These results show that the sugars are 
higher in the Fancy than in the C grade apples. The difference in 
the amoun t of sucrose found in the two grades is rather striking. The 
percentage of acid, however, is practically the same. From these data 
it would therefore appear that for dessert quality in apples the quan- 
tity of sucrose present is more important than the quantity of acid. 

Table 11. — Composition of Fancy and C grade Jonathan and Rome Beauty apples 
taken from storage February 22 



Dry 

matter 



| 

Sugar 


Variety and grade of apple 

Ash , 

Acid 

Reducing 

Sucrose 

Total 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Jonathan, fancy... 

15. 96 

0.256 

0.45 

8.98 

2. 32 

11.30 

Jonathan, C grade 

16.24 

.263 j 

.41 

8. 94 

1.21 

10. 15 

Home beauty, fancy... 

15.38 J 

.185 1 

.35 ; 

8.09 

2. 01 

10.10 

Rome beauty, C grade 

12.44 

• Ifi7 | 

.27 

6.93 

1.32 

8.25 


Highest quality of the Jonathan, or the highest flavor of fruit, is 
found only in the highest colored fruits but is not uniform in pro- 
portion to red color. This has been found quite uniformly true of 
the fruit of the well-grown commercial crop. The fruits of medium 
size are usually of the best quality. This applies to the fruit that 
matures early, in midseason, or late on the tree. Time of harvest of 
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the material has apparently a direct relationship to quality in so far 
as it has a direct relationship to color attained by the fruit at the time 
of harvest. 

The excellency of taste of apples bears the same relationship to 
color in fruit that is ripened or reaches its maximum dessert quality 
in storage as it does to that which reaches its maximum quality while 
on the trees. In the lower altitude, longer-growing-season districts 
of Washington, Jonathans are ripened and become of excellent quality 
on the tree, although the fruit may be removed from the tree, placed 
in storage, and have good storage life if harvested before the tissues 
have softened. The material grown in the higher altitude, shorter- 
season districts in some years wiU not reach the point of ripening on 
the trees, but must be harvested to avoid freezing before maximum 
quality or even full growth has been attained. 

What is said in regard to color of the Jonathan apple applies 
equally to the Delicious, Winesap, and Rome Beauty. The Delicious 
showed the same variation as the Jonathan, although the formation 
and spur characteristics of the Delicious are quite different from those 
of the Jonathan. 

In 1926, the Delicious crop on selected trees at Cl arks ton developed 
water-cored fruits before late harvest. ‘The trees that were making 
poor growth, with very short twigs and relatively light foliage, 
developed fruit of medium size, high color, and medium to good quality 
with less than 5 per cent water core. Forty per cent of the fruits 
produced on trees making a medium growth, and with the crop thinned 
to a medium heavy load, were water-cored. 

Water-cored fruit was more common on some classes of spurs than 
on others. On short spurs attached to large branches 10 per cent 
of the crop was water-cored; on long spurs attached to large branches 
36 per cent was water-cored; while on medium-length spurs that 
had produced both ffuit and twigs from the same winter bud, 70 per 
cent was water cored. 

This distribution of water-cored material is more definite and 
clear-cut than any classification that could be made of the eating 
quality of the fruit attached to different twigs. 

SUMMARY 

The authors are unable to present at this time a system of measur- 
ing or defining the quality of apples that is accurate and practical 
for both the orchardist and the chemist. 

Data on the composition and quality of Jonathan apples collected 
during several seasons are presented. A variation in duplicate sam- 
ples from the same tree is noted, and this must be taken into con- 
sideration in interpreting results. Grade should be considered in 
taking samples, and also probably the position of the fruit on the tree. 

The level of sugars and other fractions varies in different years. 
The dry matter, ash, nitrogen, and reducing sugars show no progres- 
sive variation during the growing season. The total sugars increase, 
due to an increase in sucrose. 

The percentage of acid present show's a tendency to decrease during 
the growing season, but in view of the variations noted, it is doubtful 
whether much significance can be attached to the small change in 

76383—29 0 
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the quantity of acid. For dessert quality in apples the amount of 
sugar present seems to be of more importance than the amount of acid. 

The decrease in the percentage of the alcohol-insoluble acid-hydro- 
lyzable fraction during the growing season is more striking than the 
change in any other fraction. The constituents of this fraction 
should be studied further. 

Such climatic factors as temperature, sunshine, and rainfall have a 
decided effect upon quality of fruit and the variation of quality from 
year to year. The taste of the apple as judged by different individuals 
varies, but it seems to be the most dependable basis which we have 
and the one upon which the trade must rely. 

The best quality of apple is developed when the fruit and adjacent 
foliage are well exposed to sunshine and dry air. Conversely, shading 
the fruit and its adjacent foliage tends to retard quality development. 

There is great variation in the quality of fruit produced by the 
trees in most of the orchards from which samples were taken, and the 
quality varies most in the trees carrying extremely dense foliage or 
casting heavy shade. 

The method of pruning practiced in the apple orchards of Wash- 
ington has a great influence over the quality and uniformity of the 
quality of the crop of apples produced. 

Apples that reach full growth on the tree attain maximum quality 
as compared to those that are harvested before full size is attained. 
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FURTHER STUDIES OF COTTON ROOT ROT IN ARIZONA, 
WITH A DESCRIPTION OF A SCLEROTIUM STAGE OF 
THE FUNGUS 1 

By C. J. Kino, Agronomist , and H. F. Loomis, Assistant Agronomist , Office of 

Cotton , Rubber , and Other Tropical Plants , Bureau of Plant Industry , United 

States Department of Agriculture 

INTRODUCTION 

During rerent years investigators have obtained conclusive evi- 
dence that the destructive plant disease of the Southwestern States, 
often called Texas root rot, is caused by the fungus Phymatotrichum 
ommvorum (Shear) Duggar (3); 2 

Although much study has been given to this disease, little informa- 
tion is available in regard to the life history of the fungus, its physiol- 
ogy, or the factors that efTect its distribution. Recent studies have 
aclded much to the general knowledge of the habits of the fungus and 
its ecology, but many important questions remain unanswered. 

In previous publications the writers (6‘, 7, 8, 9) have reported the 
results of experiments which indicated that the disease could be con- 
trolled to a limited degree in cotton and alfalfa fields by the use of 
organic manures, trench barriers, and soil disinfectants. The behavior 
of the fungus in artificial cultures containing different kinds of plant 
roots and the partial success obtained in efforts to inoculate healthy 
plants with pure cultures were also reported. Since the fact was 
established that the fungus grew readily on dead plant tissues in 
cultures and that active mycelium on decayed roots and stumps of 
native plants gave rise to root-rot infection in cultivated crops when 
planted in virgin soils, it was suggested that the fungus might be 
capable of existing in the soil as a saprophyte. 

During the season of 1928 additional information wuis obtained 
which appears to be of sufficient importance to justify a further report. 
The investigations included a study of the types of food on which 
the fungus may subsist, the manner in which it spreads through the 
soil, and the depth at which it may function. Further inoculation 
and control experiments were conducted, and a better knowledge of 
some of the phases of its life history was obtained. The discovery 
of wdiat appears to be a true sclerotial development of the fungus in 
soil cultures seems to be of special importance in the bearing it may 
have on the effectiveness of control measures, such as rotation of 
crops, fallowing, flooding, and jhemical treatments. The results of 
these investigations and observations are reported in this paper. 

CULTURES OF THE ROOT-ROT FUNGUS ON DEAD ROOTS 

Although there is ample proof of the pathogenic character of the 
fungus Phymatotrichum omnivorum f there appears to be a lack of 

1 Received for publication Mar. 22, 19211; issued November, 1929. 

3 Reference is made by number (italic) to ‘‘Literature cited,” p. 67/». 
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agreement among investigators as to whether it is a facultative parasite 
as originally described by Shear (15) or an obligate parasite which 
can not long survive in the soil independent of living hosts. Tauben- 
haus and Killough (16) state that “the causal organism in nature dies 
out with the death of its host ” and that it “is unable to maintain itself 
on dead organic matter or in the soil.” On the other hand, Peltier, 
King, and Samson (13), Ratliffe (14), and King and Loomis (9) have 



Fiourb 1.— Effect of inoculations with pure cultures of the cotton root-rot fungu.s on Acala cotton 
plants grown in tanks of disease-free soil. The plant on the left was inoculated on August 9 with 
the contents of a quart fruit jar containing a pure culture of the fungus on dead tissues of cotton 
plants in alternate layers with sand. The inoculated plant wilted on August 14, and the disease 
was then communicated through the soil to the other plant, which wilted on August 20 

reported observations wherein roots that had been dead for a long 
period were covered with root-rot mycelium which was the source of 
conidial mats, in some cases producing centers of infection. 

Since it was apparent that the effectiveness of any cultural methods 
of control would be likely to be influenced by the question whether 
the fungus was able to maintain itself in the soil independent of a 
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living host, it seemed important to the writers to endeavor to estab- 
lish final proof. A large number of pure cultures were prepared by 
inserting bits of dissected pseudosclerotia from a type culture into 
quart fruit jars containing alternate layers of sand and dead roots 
and stems of cotton plants. To eliminate the possibility of extraneous 
fresh-plant tissues being present in the culture jars, the sand used was 
thoroughly sifted and heated to a high temperature before final 
sterilization. Only such plant tissues were selected as had reached 
an advanced stage of decomposition, having been cut into sections 
and buried in the soil for one or two years. 

When the cultures had grown until all of the root and stem tissues 
were covered with the mycelium and large strands had reached the 
bottom of the jars, the contents were removed and inserted in a 
hole 6 or 8 inches deep prepared alongside the taproots of normal 
cotton plants grown in iron drums and tanks. The drums contained 
about 0 cubic feet of soil free from root rot, and two cotton plants 
were grown in each. The tanks contained 30 to 50 cubic feet of soil, 
and each had four plants. Six out of nine inoculations made in this 
manner were effective in killing the plants inoculated in a period of 
5 to 1(5 days. (Fig. 1.) The disease was immediately communicated 
to the adjacent plants in the same containers, and several of them 
died within a few days. The fungus was reisolated from the first 
plant that died and was cultured in tubes and fruit jars. Seven 
cotton plants in a field free from root rot were inoculated in the same 
manner about September 1. Five of these died before October 2. 
and the disease was transmitted to adjacent plants. Large numbers 
of field inoculations were also made at various times during the sum- 
mer, using one or two 4-inch sections from the taproots of recently 
infected plants. These were effective in killing 12 to 27 per cent of 
the treated plants. 

In the light of these results there seems to be no doubt that under 
natural conditions in the soil the fungus is capable of attacking the 
living tissues of healthy plants after subsisting for long periods on 
dead tissues only. 

GRASS AND DATE PALM HOSTS OF THE FUNGUS 

Though some students of the root-rot disease have Suspected that 
the fungus might live on the roots of grasses or other monocotyle- 
donous plants and thus remain in the soil for long periods without 
killing any plants, there seems to have been no evidence to support 
this theory until June, 1928, when the writers discovered the root-rot 
mycelium extensively distributed over the roots of date palms at 
Sacaton, Ariz., and in California. (Fig. 2.) A short time later it 
was found on the roots of Johnson grass and Bermuda grass in 
proximity to dying alfalfa plants. On the larger date-palm roots 
and on the sheaths and rootstocks of Johnson grass the strands were 
firmly attached, creeping over the surface in the same characteristic 
manner as on the roots of the most susceptible hosts. On the fibrous 
roots of the grasses the strands for the most part ran over the surface 
longitudinally and were not easily detected. 

In one date orchard in California the root-rot mycelium was found 
in abundance as deep as 4 feet on many of the roots of the date palms 
in the outside row. No live roots other than those of the date were 
found in the extensive excavations that were made in this orchard, 
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but a trench dug about 25 feet outside the infected row of date palms 
disclosed the fact that the infection originated from a row of almond 
and fig trees which once stood in what is now a roadway, adjacent to 
the date planting. These trees had been dug one at a time as they 
were killed by root rot through a period of several years, the last 
almond tree having been removed in 1927. Many decayed roots of 
these old trees were exhumed in digging the trench, and active myce- 
lium was found pervading the decomposed material even at a depth 
of 4 feet. Frequently live date roots had penetrated through the old 
soft decayed roots, and invariably these were covered with root-rot 
strands. 

Another observation on the relationship of grass crops to the root- 
rot disease was made on the Indian School farm at Sacaton in July, 
1928. A 10-acre alfalfa field in which practically all of the plants 
had been killed by root rot was plowed in 1924 and planted to grain 
sorghums. Three successive crops of sorghums were grown, and the 
field was replanted to alfalfa in the winter of 1927-28. During the 
early summer months of 1928 frequent observations were made in this 
field, so that the first indications of recurrence of the root-rot disease 



Figure 2. — Date root with a coarse strand of Phymatotrichum omnivorum growing along the sur- 
face and producing numerous fine strands 

might be detected. Several small circular areas of dying plants were 
noted on July 20. Near the centers of several of these infected spots 
were clusters of yofing sorghum shoots which originated from old 
sorghum root crowns that had been turned over by the plow in 
breaking the land, but not killed. Some of these old crowns were 
split open and large root-rot strands were found creeping over the 
partly decayed tissues on the inside. 

SELECTIVE FEEDING OF THE ROOT-ROT FUNGUS ON ROOTS OF 
DIFFERENT PLANT SPECIES 

Several investigators (1 , 8> 9, 13 , 16) have reported that the root-rot 
fungus grows well on cooked vegetables and various other media, 
but apparently no serious attempts have been made to determine 
to what extent the organism shows discrimination in the types of 
plant materials on which it will grow or to ascertain whether there 
are any kinds of roots on which it fails to develop. After finding the 
mycelium in nature occurring in great abundance on the roots of 
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date palms and some of the common grasses, the writers attempted 
to grow the fungus on sterilized roots of these plants. Small pieces 
of pseudosclerotia were transferred from pure cultures to a series of 
tubes containing cooked roots of date, Johnson grass, Bermuda grass, 
barley, and corn. The fungus developed rapidly on the date roots 
and covered the contents of the tubes in a few days. On the roots of 
Johnson grass and Bermuda grass the development was much slower, 
but growth was continuous in some sealed tubes for three or four 
months, and all of the roots became enveloped with mycelium. The 
growth on barley and corn roots was extremely slow, but continued 
for several months. 

When the cultures were 81 days old the contents of one tube each 
of date roots, Johnson-grass roots, and Bermuda-grass roots were 
transferred to sterilized quart fruit jars, each containing a layer of 
cotton roots on top of a 5-inch layer of moist sand. A vigorous 
growth resulted, and in a short time the mycelium had entirely cov- 
ered the roots and had invaded almost every portion of the sand. 

In order to obviate the chemical changes in the roots brought about 
by steam sterilization and to have the nutritive material in a state 
as nearly identical as possible with that found in nature, a series of 
tubes was prepared containing date roots that had been sterilized 
by immersion for a few seconds in alcohol. Inoculum material from 
pure cultures on date roots was added to these tubes, and the mycelium 
soon spread to the new material and grew vigorously for several 
weeks. 

In comparing the development of mycelium on cultures of various 
roots it was observed that in tubes containing fresh citrus roots the 
mycelium failed to grow in contact with the citrus tissues, and if 
other nutrient material was present the hyphae avoided contact with 
the citrus roots and grew only on the other material. (Fig. 3.) 
Repeated trials were made and larger containers were used, but the 
results were always the same. No growth resulted on fresh sterilized 
tissues of citrus roots. This behavior seems somewhat significant in 
that citrus is one of the few orchard crops that is reported to have a 
high degree of resistance to root rot. It has been reported from 
Texas that young citrus trees have been killed by the disease, although 
well-established trees have not been known to die. 

The fungus made the most rapid development on cooked roots of 
such plants as cotton, alfalfa, cowpea, peach, and Malva par rift ora. 
The growth was much slower on roots of tamarisk, pomegranate, 
pepper tree, mesquite, groundcherry, and sunflower. Upon these the 
pseudosclerotia were slower in developing. 

DEPTH OF FUNGUS ACTIVITY 

The depth at which the root-rot fungus may function would seem 
to be a matter of importance in connection with any control measures 
that are undertaken. However, it appears that no systematic* studies 
have been made along this line. McNamara and Hooton 3 report 
that open trenches 2 feet deep, prepared in advance of the disease, 
were effective in checking its progress in a cotton field. Prior to 1928 
the writers had found the mycelium on cotton roots to a depth of 36 

» McNamara* H. C\, and Hooton, D. R. studies of cotton root rot at Greenville, texas. {Un- 
published manuscript .1 
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inches and on peach roots to a depth of 40 inches, but most observa- 
tions have shown that it seldom destroyed or was present on the roots 
of closely planted field crops at a depth greater than 30 inches. In 
July, 1928, an extensive series of trenches was made around an 
infected area in California in an attempt to isolate the disease and 
prevent its spread to new areas. On the east side of what was thought 
to be the infected area no indicator plants were present, but one of 
the trenches, which was 414 feet long and 3 feet deep, was contiguous 
to a date orchard in which clean cultivation was practiced. A few 



Figure 3. —View looking down into a culture tube containing* wo types of plant roots as food media, 
with a pure, culture of Phymatotrichum omnivorum . Two sections of citrus root are seen at the left, 
surrounded but not touched by the white mycelium of the root-rot fungus which developed from 
two sections of cotton root at the right. The cotton sections became completely hidden by the 
mycelium, while the citrus sections remained exposed for their entire length. X 

feet on the other side of the trench was a bare roadway in which a 
row of almond trees and fig trees had once stood, but which had been 
dug one at a time as they were killed by root rot, the last being 
removed in 1927. Shortly after the trench was dug it was filled with 
water, and a few days later numerous conidial mats appeared on its 
walls, some at the bottom, 3 feet from the surface. The locations of 
the almond and fig trees were clearly defined by large patches of these 
mats which produced almost solid formations several square feet in 
extent wherever the trench transected numerous dead tree roots close 
together. The depth of the trench was increased in places to 6 feet, 
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and in the excavations root-rot strands were found on the dead roots 
of almond and fig and the live roots of date at a depth of more than 
4 feet. 

Soon after the trench was deepened it was irrigated again, and a 
new crop of spore mats appeared, the lowest at. a depth of 4 % feet. 
The mats spotted both walls of the trench through most of its length 
of 414 feet, with two short nonspotted intervals amounting to 44 feet. 
In one place where the ditch transected rotted roots of a dead pistache 
tree that had been dug five years previously, both walls of the trench 
were covered with extensive patches of mats. 

In another short trench dug 6 feet deep near a group of dead 
pistache trees, live strands of the fungus were found on the decom- 
posed roots at a depth of 5% feet, and spore mats almost completely 
covered the walls of this trench to a depth of 5 feet. (Fig. 4.) Some 
weeks later the trench was filled again with water, and shortly after- 
wards a new crop of mats appeared. This time they extended over 
the old mats, covering the walls of the trench almost completely, and 
appeared even at the bottom of the trench 6 feet below the surface of 
the ground. In this way the trenches proved to be of much use in 
definitely locating the disease in this area in the absence of indicator 
plants on the surface. In every instance where the plants near the 
trenches indicated the disease, or wherever there was a history of the 
disease among orchard crops, and even where the trees had given place 
to bare roadways, spore mats appeared in abundance. None, how- 
ever, were seen in the trenches in areas where the disease had never 
been in evidence. 

BARRIER METHODS OF CONTROL 

During the spring and summer of 1928 further trials were made 
with barriers in attempting to check the advance of the disease in 
infected spots in alfalfa fields. Instead of using open trenches, which 
were found to be impracticable under irrigation methods, the trenches 
were refilled with soil that had been mixed with about 1 part fuel oil 
by weight of oil to 10 of soil. In order to conserve oil and labor a 
narrow trenching spade 6 inches wide by 18 inches long was used in 
removing the soil. (Fig. 5.) The barrier experiments were con- 
ducted in alfalfa fields because the limits of the disease were so de- 
finitely marked in this crop and the spots were more circular in out- 
line. The disease could thus be observed over a longer period than is 
possible in cotton fields. The trenches were approximately 3 feet 
deep and were placed 3 feet in advance of the active zone of disease, 
which was indicated by the rings of recently wilted plants. Two 
trenches, of semicircular shape and about 100 feet long, were prepared 
on May 15, before the disease had killed any plants. The zone of 
active mycelium, however, was easily ascertained by examining the 
roots on the outside margins of circular bare spots where plants had 
been killed in the previous season. A part of the old diseased area 
behind the active margins, where nearly all the alfalfa plants had 
been killed in previous years, was plowed and planted to cowpeas in 
order to observe any reverse movement of the fungus or any re- 
newed centers of infection. On June 13 the length of one of the 
barriers was increased to 180 feet. 
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Within a month after the barriers were prepared the disease, as 
shown by dead plants, had reached the oiled earth of the 180-foot 



Figure 4.— Conidial mats of Phymatotrichum omnivorum lining the side of a trench 6 feet in depth. 

The mats which formed near the bottom of the trench had been obliterated by rodents at the time 
of photographing. The actively growing part of these masses is indicated by the white bands at 
the margins of the mats. In the same vicinity numerous formations of this kind appeared in 
trenches distant from any living plants, and where no live plant-root tissues were in evidence in the 
Sou but dead root material was found in abundance 

trench in several places. On September 5 it had killed practically all 
of the plants behind this trench, but there was no indication of 
crossing over except in one place near the end where one or two 
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Figure 5.— Preparation of a barrier trench, to be filled with mixed oil and earth, about 3 feet in 
advance of the root-rot disease in an infected alfalfa field. The trench was dug with a narrow 
spade in order to conserve oil and labor 
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plants were dead on the outside of the barrier. (Fig. 6.) The 
disease was slower in reaching the oiled trench in the other spot, but 
on September 1 it was observed that only a few plants remained 
alive on the inside of the semicircular oiled barrier, and no dead 
plants were found on the outside. 

On July 12 trenches were dug around two small circles of root rot 
in another alfalfa field. These were placed 3 feet outside of the band 
of recently dead plants and were dug only 26 inches deep. Long 
sheets of galvanized iron, 26 inches wide, were dropped on edge into 
these trenches, with the ends overlapping so that the diseased area 



Figure 6.— A large root-rot spot in an alfalfa field where the spread of the disease was checked by 
an oiled-earth barrier 3 feet deep and 6 inches wide, indicated by the white stakes. The barrier 
was prepared on June 13, 3 feet in advance of the outer margin of the area infected the previous 
year. Nearly all of the alfalfa plants behind the barrier’ were killed before September f>, but 
none was infected on the outside of it when the spot was photographed on October 29 


was completely encircled and isolated by an iron barrier 26 inches 
deep. The metal sheets were pressed firmly against the inside wall 
of the trench and the soil was replaced. All of the plants on the 
inside of the barriers were killed within five weeks, but m spite of the 
rather shallow depth of the barriers no plants on the outside were 
attacked, although the disease was active in other circles a few feet 
away for three months after its spread in the inclosed areas was 
checked by the barriers. Other barriers of oiled earth and galvanized 
iron were prepared on August 18, and at the end of the season no 
diseased plants were observed on the outside of the barriers, whereas 
all of those within had been killed long before the end of the season. 
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CLEAN-FALLOW EXPERIMENTS 

It has been suggested by some investigators that the root-rot 
organism might be starved out by keeping the soil free from all 
living plant tissues for an extended period of time. McNamara 
(11) reported that a clean-fallow treatment for a period of two years 
at Greenville, Tex., was effective in controlling the disease. Later 
experiments at Greenville and similar experiments at other places 
in Texas, however, have not been so encouraging. Clean-fallow 
experiments were begun at Sacaton, Ariz., in 1925. An area of 
half an acre, comprising plots C3-1 and C3-2, on which the cotton 
crop of 1925 was badly infected, was maintained as a clean fallow 
during the years 1926 and 1927 and replanted to cotton in 1928. 
Plot 03-3, an adjacent area of one-fourth acre, on which only 3.5 
per cent of the cotton plants were infected in 1925, was planted to 
corn in the summer of 1926 and to Canada field peas in the fall of 
1926. In March, 1927, the peas, which showed no evidence of in- 
fection, were plowed under, and the area was maintained as a clean 
fallow until March 20, 1928, when it was replanted to cotton. 

In maintaining the clean fallow, plots 03-1 and C3~2 were plowed 
once at the end of each summer after the initial breaking of the land, 
making three plowings in all. These #ere made with a moldboard 
plow which penetrated to a depth of 6 or 7 inches. Plot C3-3 was 
plowed early in 1926 to turn under the dead plants of the 1925 cotton 
crop, and a crop of cornstalks was also plowed under late in the same 
year. In 1927 this plot was plowed twice, the first plowing being 
necessary in March to turn under the crop of peas. In addition to 
the plowing operations, all three of the plots were gone over with a 
disk cultivator 8 or 10 times each year to keep down the growth of 
weeds and grass which came up after rains. Between diskings the 
plots were frequently inspected by laborers who removed all seedling 
weed growth and exhumed many tubers of Rurnex hymenose pains 
with hand implements. 

During the months of June, July, and August, 1928, all of the cotton 
plants of these three plots were inspected daily, and a record was kept 
of all the separate points of infection that appeared, as indicated by 
the dying of plants at some distance from any that had died previously. 
The first dead plants were observed on June 17. The observations 
were continued until August 10, at which time 106 centers of infec- 
tion had appeared on plot C3~l, 78 on plot C3-2, and 38 on plot 
03-3 . 

During the early part of the summer an attempt was made to 
control the disease by digging out the fungus. The plots were 
inspected every morning, and plants that had wilted were immedi- 
ately dug up, together with the adjacent plants on either side, if any 
infected roots were observed. The soil was removed to a depth of 
about 18 inches and hauled away. The sides and bottom of the 
excavations were then thoroughly sprayed with a strong disinfectant, 
and disease-free soil was brought in to refill the holes. By the middle 
of August it was apparent that little progress was being made by this 
method, as the disease continued to spread from about two-thirds 
of the treated centers, indicating that the advance mycelium had 
extended beyond the excavations; and the practice was discontinued. 

On November 21a survey was made of the diseased areas in these 
plots and a map was prepared showing the location of infected and 
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noninfected areas. The extent of infection in these plots in 1925 
and after the fallow treatment in 1928 is shown in Figure 7. 

The infected area, as shown in Figure 7, maintained approximately 
the same configuration after fallowing as before on plots C3-1 ana 
C3-2, although the number of scattered patches of healthy plants 
in the large infected areas was greater in 1928 than in 1925. The 
percentage of infected area on plot C3-1 was 61.6, compared to 67.4 
m 1925, whereas on plot C3-2 the infected area had increased from 
30.5 to 41.3 per cent. On plot C3-3, which was fallowed only one 
year, following corn and a winter cover crop, the disease had increased 
considerably in extent, affecting the plants on 19.2 per cent of the 
area in 1928 as compared to 3.5 per cent in 1925. 

It is apparent that the fallow treatment had no effect in reducing 
the amount of infection. The margins of the diseased areas in 1928 



Figure 7.— Diagram showing the extent of root-rot infection on three quarter-acre plots of cotton 
in 1925 and 1928, before and after clean fallowing, at the United States Field Station, Sacaton, Ariz. 
Plots 03-1 and C3-2 were fallowed in 1926 and 1927, and plot 03-3 was fallowed in 1927, follow ing 
successive crops of corn and winter peas in 1926. No material reduction of the area infected fol- 
lowed the fallow treatment, and the infected spots occupied about the same locations as before 

closely coincided with the margins in 1925, except that in most cases 
they had extended a few feet farther. This persistent behavior in 
the absence of any live host plants for a period of two years suggests 
that the organism was maintained under such conditions by some 
resistant form of mycelial development or that it can support itself 
from dead plant tissues. Extensive excavations were made after the 
2-year fallow treatment to determine what types of plant tissues 
remained in the soil. Cross-section trenches were dug 2 to 3 feet deep 
at several places, but the only plant material exhumed was in small 
fragments and in such an advanced stage of decomposition as to be 
easily crumbled between the fingers. The cotton plants of the 1925 
crop, as they were of small size, no doubt disintegrated more rapidly 
than ordinarily is the case under Arizona conditions. Since there 
was no evidence that any living tissues were present and as there was 
no dead material sufficiently large to give protection to a delicate 
* mycelium, the evidence seems to indicate the presence of a highly 
resistant and resting form of the organism. 
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DEVELOPMENT OF PSEUDOSCLEROTIA 

In 1893 Atkinson (2) reported sclerotiumlike bodies which developed 
in his cultures of Ozonium (Phyrnato trichum). He described these 
as “from very small to 3 millimeters in diameter, whitish and woolly, 
finally becoming of the same color as the filaments of the fungus. ” 
Taubenhaus and Killough (16) also reported this form, which they 
termed “pseudosclerotia,” as appearing singly or in large masses in 
cultures on various media and on host plants in natural surroundings. 
The writers have commonly observed the type which is found on 
infected roots (chiefly at the lenticels) and which several investi- 
gators ( 2 , 4 , 5 , 12, 16) have described as “wartlike.” However, the 
structure and size of the pseudosclerotial formations which develop 
commonly in artificial cultures are so different from these small accu- 
mulations of hyphae found in nature that it is difficult to consider 
them as analogous forms. 

In pure cultures the growth of the pseudosclerotia depends on a 
properly moist food supply. With foods such as sweet potato, turnip, 
and the roots of cotton, alfalfa, and peach, on which the mycelium 
grows readily, pseudosclerotia may begin to form soon after the 
mycelium becomes well established on the roots. On foods on which 
the mycelium does not grow readily, pseudosclerotia may not form, 
or if they do it is very slowly, and only small masses are developed. 
They have been observed to form after several months on sterile 
roots of date palm, Bermuda grass, Johnson grass, and barley con- 
tained in culture tubes sealed with beeswax and paraffin. 

In the ordinary culture tubes containing small sections of cotton or 
other suitable roots it has been observed that the pseudosclerotia 
may continue to develop until nearly all the space in the tube is 
occupied and the roots which supplied the food become shriveled and 
greatly reduced in size. In large containers, such as 1 -quart or 
2-quart fruit jars, containing sterile cotton roots and sand, single 
masses 20 millimeters or more in diameter and 5 or (> millimeters in 
thickness have been developed, and the surface of the sand and roots 
has become almost completely covered by these masses. (Fig. 8.) 
These structures are obviously also aerial in character, as they form 
on the strands that have grown along the glass surface of the con- 
tainers, at some distance from any food supply. They are also some- 
times observed in cavities within the soil or sand cultures, but are 
apparently unable to develop where the soil is compact. 

The pseudosclerotial structures become deflated in drying, and if 
allowed to remain in this condition for many months at ordinary 
room temperatures the hyphae become brittle, and in this state 
attempts to revive the fungus have thus far been unsuccessful. 

A convenient method for multiplying cultures has been developed 
by the writers, making use of entire small fresh pseudosclerotia or 
fragments of the large ones. In the latter case enough material often 
can be obtained from a single body to propagate 25 or more cultures, 
and a quart fruit jar frequently affords sufficient material for several 
hundred cultures. These fragments seldom fail to grow, whereas 
failures are not uncommon where loose wefts of mycelium are used. 
In the incubator at 25° C. hyphae may begin to appear from the 
fragments in new cultures within three or four days. 

Experiments to determine the length of time that these pseudo- 
sclerotia remain viable have not been completed, but it is apparent 
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Figure 8.— Pure culture of Phymatotrichum omnivorum on dead cotton roots underlaid with moist 
sand, in a quart fruit jar equipped with a special lid. This iar was inoculated on October 4 with 
the fungus on a small section of date root from an 81-day-old date-root culture. The photograph 
shows the numerous large masses of pseudosclerotia which had developed by November 10 and 
almost completely hid the cotton roots and the surface of the sand. Such a culture contains 
sufficient pseudosclerotial material for preparing innumerable cultures of the fungus, and entire 
cultures of this type were used in inoculating healthy cotton plants 
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that under optimum conditions they may be kept for several months 
and still develop further mycelial growth when transferred to a fresh 
food supply. 

A TRUE SCLEROTIAL STAGE OF PHYMATOTRI-CHUM OMNIVORUM 

In describing the characters of the strand hyphae of the root-rot 
fungus, Duggar (3, p. 19) states that “they are more or less sclerotial 
and are doubtless an important factor in the persistence of the fungus 
in the soil.” Taubenhaus and Killough (16, p. 73) apparently did 
not interpret this statement as applying to the strand hyphae pri- 
marily, as they comment on it as follows: 

It is true that Phymatolrichum omnivor um does produce on the host and in 
pure culture sclerotialike bodies. These, however, are much of the nature of 
pseudosclerotia, and do not seem to be able to survive during the winter months 
on a dead host or in the soil. All our evidence on hand tends to show that 
Phymatolrichum omnivor um is unable to live as such in the soil as ordinary myce- 
lium without the presence of a living host. 

The writers have recently observed a hitherto undescribed type ol 
mycelial structure which developed from the strands of the root-rot 
fungus in pure cultures with a substratum of sand or soil. This new 
structure is a form of sclerotium with characters that would enable 
it to live through the winter or through long periods in the field 
without a supply of food. The first development of these sclerotia 
was noted late in September, concurrently with unusually low tem- 
peratures. The fungus was being grown in long glass tubes con- 
taining only moist sterile sand, with the culture introduced at one 
end of the tube on a small section of dead cotton root. After the 
strands had grown several inches from the food supply the sclerotia 
began to form on the coarser portions of the strands. In October 
large numbers of these sclerotia were developed in pure cultures of 
Phymatotrichum raised in quart fruit jars on sections of cotton roots 
lying on 5 inches of sterile moist sand. Of 27 such cultures in fruit 
jars, sclerotia appeared in 21. 

Prior to the formation of the sclerotia and during their develop- 
ment all of these jars were exposed to the ordinary temperatures of 
the laboratory, which at night occasionally dropped as low as 65° F., 
with day temperatures sometimes exceeding 95°. These bodies were 
produced either singly or in continuous series or in distinct clusters 
on the large strands that had penetrated the sand below the cotton 
roots. (Fig. 9, A, B.) Many sclerotia appeared on the strands 
that descended along the sides of the jars, and their development was 
plainly visible through the glass. Few were produced on the surface 
of the sand or on the mycelium above the sand. The formation of 
sclerotia was continued in some jars through the winter at room 
temperature of the unheated laboratory, a second crop of sclerotia 
being produced in a few jars. In these jars new sclerotia were 
developed in some of the old clusters and on some of the oldest 
strands, as well as on younger strands. 

Sclerotia also developed m several jar cultures that had been kept 
for two or three months in an incubator held at a constant tempera- 
ture of 25° C. and in other jars kept in a steam boiler room where 
the temperature fluctuated between 40° and 90° F. The fact that 
no sclerotia developed until September or October in the jar cultures 
prepared in the early summer, and their occurrence almost simul- 
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Fmujtfr 9. — Sclerotia developed on the strands of Phymatotrichum omnivorum in pur© cultures in 
quaii fruit jars. A, several large single sclerotia are shown in alignment in the middle of the 
photograph, while above and below them are compound formations resulting from sclerotia which 
started developing so close together on the strand as to form continuous series when fully grown. 
X 5. B , conglomerate sclerotia produced on a single coarse strand of the fungus. These represent 
the largegt masse? that have been observed. Two young sclerotia may also oe seen on the white 
strand near the Upper left-hand corner of the photograph. X 5 
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taneously in nearly all of the cultures, regardless of their age, when 
cool weather arrived, indicates that temperatures bear an important 
relationship to the development of sclerotia. 

The sclerotia begin to develop as simple, white, elongate swellings 
of the larger mycelial strands (figs. 10 and 11, A), and maximum 
growth is attained within three or four days, with the fully developed 
sclerotia resembling miniature potatoes, round or ovoid in shape, 
and slowly changing in color through light yellow to reddish brown 
with age. The largest individuals were about 2 mm. in diameter, 
but many smaller ones were produced. In many cases the forma- 
tion was so continuous along the strands that solid clusters were 
produced 10 mm. or more in length. The shape of some of the clusters 
also indicated that many of the sclerotia were developed by a budding 
process directly from the walls of other sclerotia (figs. 1 1, C, and 12), 
as well as from the strands themselves. (Fig. 13, A and B.) All of 
the sclerotia produced in two jars were carefully separated from the 
sand in order to count them. Although an entirely accurate count 
was not possible, because of the compound character of some of the 
clusters, it was found that at least 621 sclerotia had formed in one 
jar and 2,731 in the other. (Fig. 14.) The dry weight of the sand 
in each of these jars did not exceed 1,000 gin. 

Microscopic examination of sections of the sclerotia showed that 
they were formed by the division and growth of the cells of portions 
of the large strands. This division of the cells apparently took place 
in the large central cells of the strands as well as in the smaller cells 
which surround the larger, as no continuous series of large cells of 
similar appearance extended through the sclerotia. (Fig. 11, A.) 
Sections show that the interior of the sclerotia is made up of closely 
packed, colorless, thin-walled cells of large and small size intermixed 
and varying in shape from roughly rounded to elongate oval and 
having no definite arrangement. (Fig. 11, B.) A view of the surface 
of the sclerotia presents a labyrinthine appearance caused by the 
very irregular or contorted shapes of the brown, moderately thick- 
walled cells. (Fig. 15, A, B.) From some of these surface cells, 
acicular hyphae, or setae, similar to those of the strands themselves, 
protrude at right angles, giving the sclerotia a somewhat bristly 
aspect under the microscope. 

At the time of development of the sclerotia in the jars some of the 
cultures were nearly 3 months old while others were less than 4 weeks 
old. The inoculum used to establish the fungus in the jars in some 
cases consisted of pieces of pseudosclerotia while in others small 
sections of sterilized cotton roots, overgrown with the fungus, from 
type cultures, were introduced into the jars. 

In a preliminary study of the viability of the sclerotia, several 
clusters were broken apart and the individual sclerotia placed on 
moist sterile cotton roots in culture tubes. The tubes were kept at 
a temperature of 25° C., and in a few hours a dense growth of fine, 
erect, white hyphae developed over the entire surface of the sclerotia 
in 32 of the 33 tubes. (Fig. 13, C.) More recent inoculation studies 
with sclerotia show that the above proportion of viability may be 
expected with great regularity when sclerotia are removed from cul- 
tures and placed immediately on a suitable medium. 

77747 — 29 2 
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Figure 10. — Initial stages of sclerotial development on the coarse strands of Phymatotrkhum 
omnimum in pure culture in a large cand y jar containing sand and dead cotton roots, showing the 
manner in which the sclerotia first appear as swellings of the large mycelial strands of the root- 
rot fungus. X 4H 
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Figure 1 1.~ Longitudinal sections of sclerotia of the root-rot fungus. A. a long portion of a strand 
which had begun developing into sderotia. No semblance of the original strand remained 
except just above the middle of the long central portion of the sderotial structure. X 30. B,a 
single sclerotlum, showing its connection with the strand on one side, and the shapes, sizes, and 
arrangement of the Interior cells. X 58. C, a large compound duster of sderotia illustrating the 
method by which other sderotia bud from the sides of those produced directly from the strands. 
The junction of the cluster with the strand on each side is indicated by the small black arrows. 
X 32 
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Figure 12.— Conglomerate masses of mature sclerotia of Phymatotrichum omnivorum removed 
from the sand in Jars containing pure cultures of the fungus on dead cotton roots. The aggregate 
character of the sclerotia and their disposition on the strands will be noted. X 7H 
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Figure 13.— A, Cross sections of two sclerotia and a short portion of the connecting strand. X 45. 
B, other cross sections of the same two sclerotia showing the junction of one end of the interven- 
ing strand with the upper sclerotium, while the other end is indicated near the point of connec- 
tion with the lower sclerotium. X 45. C, single sclerotium germinating on dead cotton-root 
tissue in a culture tube incubated at 25° C. Tne dense growth of white hyphae developed in 21 
hours. X 5 
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Within 48 hours after one of the sclerotia is placed on a cotton- 
root plug in a culture tube the typical coarse strands begin to form 
and make possible the positive identification of the mycelium with- 
out the use of the microscope. After the coarse strands appear, the 
cotton roots are quickly enveloped with this type of growth. In 



Figure 14. — Specimens of sclerotia of Phymatoirichum omnivorum representing about nine-tenths of 
the total number produced in the sand of a single quart fruit-jar culture. After separating the 
clusters into their component parts it was estimated that over 600 sclerotia, each capable of repro- 
ducing the active fungus, were produced in this small volume of sand, not exceeding 700 cubic 
centimeters. X IH 

several fruit-jar cultures,* containing pieces of cotton roots placed on 
moist sand and inoculated with a single sclerotium, the same rapid 
development of the fungus was observed. In less than two weeks 
psewdosclerotia began to form, and the surface of the sand and roots 
wai' covered with a dense and almost continuous formation of feltlike 
'arterial. 
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On November 4 the root-rot fungus was established in two long 
glass tubes containing sand which had been washed with sulphuric 
acid to remove the organic food material. A single small true 
sclerotium was introduced at one end of each tube. Hyphae devel- 
oped in a short time and began advancing along the tubes. The daily 
progress of the hyphae is given in Table 1, reference to which shows 
that the growth in one of the tubes was quite irregular throughout its 
entire course. The growth in the other tube was more uniform and 
extended over a longer period, with a general slowing down observable 
after November 10. However, the mycelium in this tube was able 
to advance a distance 


of nearly 4 inches on 
the quantity of food 
supplied by the single 
small sclerotium alone. 
Under field conditions, 
a similar movement 
of the mycelium from 
a disconnected sclero- 
tium might be the 
means of bringing the 
fungus to a fresh sup- 
ply of food. 

Although tests indi- 
cate that the sclerotia 
are very short-lived 
when removed from 



cultures and dried in 


the air before being 
placed on media, there 
is proof that they are 
capable of withstand- 
ing other rigorous 
treatments. A large 
number of sclerotia 
were surface sterilized 
by immersion in an 
aqueous solution of 
1 : 1 ,000 parts of mer- 
curic chloride for 30 


B 

Figure 15.— Surface cells of a sclerotium of the root-rot. fungus. A, 
showing the great irregularity of the size tyid shape of the surface 
cells and the development of the slender, acicular hyphae. X 350; 
B, series of cells with a somewhat spiral arrangement, of rather 
frequent occurrence on the surface of the sclerotia and largely 
responsible for its labyrinthine appearance. X 575 



to 60 seconds, after which they were rinsed in sterile water 
and placed on moist sterile cotton roots. Without exception, the 
mycelium began developing from the sclerotia within 24 hours. 
Sclerotia more than 45 days old and a few others 70 days old, 
all of which had been exposed in the culture jars to temperatures 
as low as 50° F., showed no loss of vitality after being removed from 
the jars and placed on a medium of moist cotton roots. Other 
sclerotia from these cultures were completely immersed in sterile 
water at room temperature for periods varying in length from 1 to 28 
days. After being immersed for 28 days, four sclerotia were placed 
on cotton roots in culture tubes in the incubator and 18 hours later 


three of the four began developing hyphae which were easily visible 
to the eye. This ability of the sclerotia to live for long periods under 
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water may explain the survival of the root rot in areas that have been 
flooded for weeks or months in an effort to drown out the disease. 
Several instances of such persistence of the disease after flooding have 
been observed by the writers. In one instance water several inches 
deep was held continuously on a field in the Salt River Valley for 62 
days during the winter, yet several spots of infection were noted in 
the cotton grown in this field the following summer. 


Table 1. — Daily growth of strands of Phymatotrichum omnivorum in glass tubes 
(8 Jeet long and 1 inch in diameter) filled with acid-washed sand and inoculated 
with a single true sclerotium on November 4, 1928 


1 

Date 

Growth 

Date 

Growth 

Tube 1 

Tube 2 

Tube 1 

Tube 2 

November fi , . 

Mm. 

Mm. 

13 

November 14 

Mm. 

10 

Mm. 

8 


25 

15 

8 

f> 

8 

19 

16 

2 

4 

9 

5 

14 

17 


5 

10 


12 

18 


! 2 

11 

12 


0 

Total growth 

58 

98 

13. 

8 

4 




Since the discovery of the sclerotia, many specimens have been 
used to establish cultures of the root-rot fungus, and their superiority 
over other parts of the fungus for this purpose has been demonstrated 
in several particulars. The fungus may be established in practically 
*100 per cent of the cultures inoculated with sclerotia, a much greater 
proportion than the writers have been able to obtain by any other 
means. The incipient growth of the mycelium on the nutrient 
medium takes place much more rapidly from sclerotia than from other 
parts of the fungus. A better opportunity is afforded for excluding 
contaminations from the cultures, as the surface of the sclerotia can 
be sterilized with antiseptic solutions before they are placed on the 
nutrient medium. 

Efforts were made in several fields to find these sclerotia in the soil, 
but such efforts have been fruitless. There can be little doubt, how- 
ever, that sclerotia occur in nature, although special requirements of 
food, moisture, and temperature may be necessary for their forma- 
tion. From the evidence at hand it seems likely that they develop 
about the time the disease ceases to be destructive, with the approach 
of cold weather in the fall. The disappointing results that have been 
obtained in many places with chemical and cultural methods of con- 
trol suggest the presence of a resistant form of the fungus, such as 
these sclerotia, which doubtless are capable of withstanding more 
severe treatments than the mycelium. It seems not improbable that 
the sclerotia may be responsible for the overwintering of the disease, 
at least in some parts of the infected regions. 

MEASURING THE GROWTH OF MYCELIAL STRANDS 

Taubenhaus and Killough (16) state that “ Texas root rot spreads 
underground from contact of infected roots,” and that otherwise “we 
should find hundreds of plants dying all at once in a given spot.” 
Peltier, King, and Samson (IS) are not in agreement with this view 
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and point out that the spread of the disease is through the agency of 
the advance mycelial strands, which are “ present in advance of the 
wilting plants, while the mycelium in the zone of wilted plants serves 
as a food reserve for the advancing strand hyphae.” Although the 
writers have been aware from field observations and from studying 
exhumed root systems of affected plants at various stages of infec- 
tion, that the preponderance of evidence tended to support the latter 
theory of advance by mycelial strands, it seemed desirable to study 
this phase of the problem in greater detail on account of its important 
bearing on the development of control measures. 

It was known from laboratory experiments that the mycelium grew 
* readily on sterilized cotton-plant tissues, regardless of whether they 
were fresh or old and badly decomposed, and that its strands showed 
a tendency to grow in all directions from its food supply where mois- 
ture was afforded. An illustration of this tendency was furnished by 
a pure culture on a small piece of dead cotton root in a covered Petri 
dish kept in a 10-inch moist chamber on a large sheet of moist blotting 
paper on top of a laboratory worktable. After preparation, the cul- 
ture was given no attention for several days. Then it was observed 
that the mycelium had escaped from the Petri dish, had grown several 
inches across the filter paper covering the bottom of the moist cham- 
ber, had climbed over the 2%-inch side of the lower section of the 
chamber, and had spread in its characteristic manner for 4 or 5 inches 
over the large sheet of moist blotting paper. After witnessing this 
and similar behavior, and after demonstrating that the strands grew 
readily from one end to the other of columns of moist sand or soil in 
student-lamp chimneys, the writers resorted to glass tubes 1 inch in 
diameter and from 30 to 36 inches in length for studying the elonga- 
tion of the mycelial strands. 

Satisfactory sterilization of these glass tubes was accomplished by 
filling them with alcohol and allowing this to remain for a few 
minutes before removal. They were then dried, flamed, and filled 
with the sterile soil or sand. After trial of various types of soil, it 
was found that the mycelial strands grew most rapidly in pure 
sand and were observed therein more easily than in soils of finer 
texture. Greater ease of preparing the glass-tube cultures also 
attended the use of sand, as the tubes could be filled to a more uniform 
density than was possible with moist soil, and the optimum moisture 
content could be more easily maintained. The sand was thoroughly 
sterilized in an autoclave before being placed in the tubes, and after 
the tubes were filled the moisture content was adjusted by standing 
the tubes upright and pouring sterile water in the upper end, allow- 
ing the excess to drain out below. After this the tubes were kept 
in a horizontal position, and the movement of water in the sand 
was negligible and offered no complications. When the correct 
moisture content was reached a section of cotton root covered with 
active strands from a pure culture was placed in one end of the 
tube w r hich was then stoppered with a sterile cork. Several days 
usually were required before the mycelium began to grow through 
the sand and along the sides of the tube, where it could be observed 
easily by the use of a hand lens. The daily progress of the fungus 
along the tube was marked on the glass with a china-marking pencil, 
and the growth was thus measured and recorded. 

The daily growth of the mycelial strands in the long glass tubes 
filled with sand, the treatments that the sand had received, and the 
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dates of the observations are shown in Table 2. Tubes 1 and 2 
were filled with water-washed sand and were inoculated on August 
23 with pieces of dead cotton roots, about ^ by 1 % inches long, 
covered with a pure culture of Phymatotrichum omnivorum. The 
first elongation of the strands in tube 1 was observed on August 28, 
and in tube 2 on August 27. The ensuing growth in tube 1 appears 
to have been somewhat erratic for the first week, but this was due 
mostly to the fact that part of the mycelial growth occurred in the 
sand and was not visible for accurate measurements. Tube 2 had 
a more uniform growth of the fungus until after September 8, and on 
this date the piece of cotton root was removed from the tube in an 
effort to ascertain whether the growth of the fungus would be 
affected. Two days after the removal of the cotton root the elonga- 
tion of the strands appeared to slacken, but later it continued at 
nearly the same rate as before. Though a slowing up of the growth 
actually took place, a part of the irregularities in the measurements 
may be ascribed to the fact that at times the most advanced portion 
of the strands was obscured in the sand and could not be accurately 
traced. Later, the daily advance of the strands was more easily 
discernible, and the growth continued at a rate nearly uniform and 
but little less than that in the control (tube 1) where the food supply 



Figtjkk 16,— Daily growth of th« root-rot strands in long glass tubes, 1 inch in diameter, filled with water- 
washed sand and inoculated with the fungus on pieces of infected dead cotton roots at the lower end of 
the tube. In tube 1 the strands grew a distance of 764 millimeters and were stopped by reaching the 
end of the tube. In tube 2 the strands reached the end of the tube after growing a distance of 584 milli- 
meters, of which 319 millimeters took place after September 8, after the piece of infected cotton root 
which was used to establish the fungus was removed from the tube 


was not removed. The growth of the fungus continued through 
the whole length of the tubes, 30 inches in tube 1 and 23 inches in 
tube 2. In tube 2 the mycelium grew more than 12 inches after 
the removal of the piece of cotton root which served as a food supply 
to the fungus while establishing itself in the tube. The daily growth 
of the mycelium in these tubes is graphically shown in Figure 16. 

In considering the behavior of the fungus in tube 2 after the re- 
moval of its original food supply, the idea was suggested that the 
sand in which the fungus was growing might contain organic matter 
which continued to furnish nutriment to the fungus after the removal 
of the cotton root. In order to determine whether such was the case, 
a quantity of sand was screened and immersed in a strong solution of 
sulphuric acid for two and one-half hours to remove the organic mat- 
ter. It was then washed, sterilized by steam heat, placed in the 
tubes, and inoculated with the fungus on cotton roots in the same 
manner as was described for tubes 1 and 2. After the strands had 
advanced several inches through the sand the cotton roots were re- 
moved from some of the tubes, but in no case was growth stopped or 
more than slightly retarded. 
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Table 2. — Daily growth of strands of Phymatoirichum omnivorum in glass tubes 
1 to 6 ( each 8 feet long and 1 inch in diameter) filled with sand , and inoculated 
with the f ungus on pieces of dead cotton roots in 1 928 


Date 

Growth in 
sand washed 
in water 

j Date 

' Grow 
1 sand v 
in H 

dh in 

trashed 

2 SO 1 

Tube 4 

Date 

1 

'Growth 
i in sand 
washed 
! in 

H 2 SO 4 , 
tube 5 

Date 

Growth 
! in sand 
! washed 
! in 
! H 2 SO 4 , 
tube 0 

Tube 1 

Tube 2 

! Tube 3 


Mm. 

Mm. 


Mm. 

Mm. 


Mm. 


Mm. 



20 

Sept. 21 

12 


Oct. 0 

0 

Oct 30 

13 

2 8. . . 

5 


22.. 

20 

14 


11 

31 

13 

29. 


18 

23 

1 10 

18 

8 

8 


21 

30 

0 

21 

24 

i 34 

29 

9 

10 

y 

14 

31- 

14 

25 

25 

i 24 

24 

10 

11 

3 

20 

Sept. 1 

S 

23 

20. . 

! 21 

15 

11..... 

14 

4 

25 

O 

20 

22 

27 . - 

! 22 

23 

12 

18 

5. 

21 

3_ 

3 

24 

28. .. 

| 15 

17 

13... 

14 

o._ 

20 

4 

8 

21 

! 29. 

20 

« 10 

14 .. 

12 | 


28 


23 

22 

| 30. 

l 28 

25 

15 

9 

8... 

23 

0. . . _ . 

20 

18 

Oct. 1- _ 

; 22 

20 

10 

9 j 

0 

33 

7 

25 

22 

! 2 

! 22 

24 

17 

10 

10 

28 

K 

23 

a 22 


18 

17 

IK... 

* 5 I 

11. 

25 

9. 

28 

21 

1 4.... 

: is 

17 

19.. 

4 

12 ... 

33 

10 

23 

15 

5 . .. 

10 

14 

20. . 

5 ! 

13 . 

27 

11 

24 

7 

! 0- . 

12 

18 

21... 

3 

14... 

20 

12 

25 

4 

1 7 . 

18 

10 

22... 

8 

15 

25 

13 

22 

3 

1 8 . 

M 

7 

23... 

11 

10 .- 

27 

14 . ..... 

23 

1 

9 . . 

i 11 

1T3 

24. 

2 

17 .. 

20 

In 

10 

23 

10 .. 


18 

25. . . 

12 

18.... 

5 

16 . 

19 

12 

i 11... 

j 15 

10 

26 . . 

1 8 ! 

19.- 

11 

17 

24 

10 

12 

1 11 

! 11 

27... 

i 10 j 

20 

20 

1H 

32 

17 

! 13. . 

8 

j 10 

28... 

1 10 1 

21... 

15 

19.. . . 

28 

20 

14 

i 4 

5 

29 ... 

; i8 ! 

22 ... 

22 

20.. . ... 

25 

10 

] 15 . 

i 3 

3 

30 ... 


23... 

35 

21 _ 

32 

19 
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2 

3 
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20 
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22 

18 

17 

1 ( fc ) 

2 
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32 

23 

27 

15 

18 


1 
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21 
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31 

22 

| 19. - 

1 

3 
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13 

27 

25 

25 

10 

21 

20. 
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4 

4 

14 
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30 

20 

27 

19 
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0 
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30 

27 

23 

18 

22 


0 
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30 

15 
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21 

17 
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3 

7 
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15 
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8 1 
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18 
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19-..! 
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| 
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Total growth. 

764 

584 


428 

421 


510 


800 






i 





<* The piece of cotton root which supplied the food to the fungus in establishing itself in the tube was 
removed after the growth was recorded on this day. 
h Growth ceased. 
c End of tube. 

The daily growth of the fungous filaments through the acid-washed 
sand in tubes 3 and 4 is shown in Table 2. In tube 4 the cotton-root 
plug was removed eight days after growth began, whereas in tube 3 
the cotton-root plug was left, as a control. As will be seen in this 
table, or bv reference to Figure 17, which illustrates graphically the 
progress of the strands in the tubes, the growth of the fungus was 
remarkably even in both tubes throughout the period of activity, 
with no retarding effect observable following the removal of the piece 
of cotton root from tube 4, as had occurred in tube 2. The terminal 
growth in the two tubes, as shown in Figure 17, was arbitrarily 
equalized on September 29, the day on which the cotton root was 
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removed from tube 4. The daily growth rate of the strands there- 
after is. seen to have been almost identical in the two tubes, the 
growth in tube 3 leading that in the other tube very slightly until 
October 13, when the growth in tube 4 caught up with that in tube 3 
and thereafter exceeded it, both in the rate of elongation of the 
strands and the period of its activity. Late in October a period of 
low temperatures retarded and finally stopped the growth of the 
fungus in these tubes. 

The most satisfactory explanation that seems to be offered for the 
continuation of growth of tne strands in the tubes after the removal 
of the pieces of cotton roots is that it is a habit of the fungus to trans- 
locate nutrients rapidly from the older portions of the strands for the 
development of peripheral growth. 

In another tube (No. 5 in Table 2) elongation of the strands was 
maintained for 46 days. This tube, which contained acid-treated 
sand, was inoculated on October 3. The first growth was detected 
on October 6, and continued until November 20. From October 6 to 
October 24 the tube was kept at ordinary room temperature, which, 
toward the end of this period, occasionally fell below 65° F. at night 
and caused a decided retardation of growth. On October 24 the 



Figure 17.— Daily growth of root-rot strands in long glass tubes, 1 inch in diameter, filled with moist sand 
washed with strong sulphuric acid to remove the organic matter, and inoculated with the fungus on 
pieces of infected dead cotton roots at the lower end of the tubes. In tube 3, used as a control, the growth 
of the strands was both rapid and sustained until late in October. The infected cotton-root section was 
removed from tube 4 following the measurement of growtli of the strands on September 29. It will be 
observed that no effect on the elongation of the strands is apparent after the removal of the original food 
supply 

<t> 

tube was placed in a thermostat-controlled incubator with a constant 
temperature of 25° C. An increase in the growth rate immediately 
took place and was maintained for three weeks, after which the growth 
began to slacken, and it stopped on November 20. 

Another tube of acid-washed sand, here designated as tube 6, was 
inoculated on October 26 and was immediately placed in the incubator. 
The first growth of mycelium was noted on October 30, and this con- 
tinued until the other end of the tube was reached on December 8. 
The daily increase in growth is shown in Table 2. With the exception 
of a short interval beginning November 18, a very uniform growth was 
maintained to near the end of the tube, where it was retarded, appar- 
ently by a somewhat drier condition of the sand. On several days the 
advance of mycelium through the tube exceeded 1 inch. In only one 
other instance was a greater advance made in a single day, a growth of 
42 millimeters having been recorded in another tube in a previous 
experiment. The mycelium in tube 6 advanced a total distance of 
860 millimeters, or approximately 34 inches, from the piece of cotton 
root which supplied food to the fungus and which was not removed 
from the tube. 
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REACTIONS WITH OTHER FUNGI 

An exception to the continuously uniform elongation of the mycel- 
ium in tube 6 occurred between November 17 and 21, when the growth 
on one of these days decreased to 5 millimeters. This slowing down 
of growth occurred at a point about midway in the tube where a con- 
tamination in the form of a fungus which resembled a species of Fusar- 
ium pervaded the same column for a little over 2 inches of the length of 
the tube. The root-rot mycelium reached this contamination some 
time prior to the measurement of growth on November 17, but the 
maximum inhibitory action was apparent the following day and con- 
tinued somewhat in effect for several days. However, after the con- 
tamination was passed the root-rot mycelium resumed growth at 
practically the same rate as before the secondary organism was reached. 

Many cases of the inhibitory action of other fungi or of bacteria in 
cultures of Phymatotri chum omnirorum have been observed. Fre- 
quently the presence of another fungus in the long glass tubes contain- 
ing sand, or in culture tubes, entirely checked the development of the 
root-rot mycelium, and in agar cultures the presence of colonies of 
bacteria retarded or entirely stopped the development of Phymatotri- 
chum. This inhibitory action of specific fungi or bacteria suggests 
that other soil organisms may be a fatftor in the distribution of the 
disease and may account somewhat for the slow reinvasion of areas 
through which the disease has recently passed. It is commonly ob- 
served that root-rot injuries are generally followed by the appearance 
of other fungi, not capable in themselves of gaining entrance to living 
plants, and the activities of other fungi may hinder the immediate 
return of the root-rot fungus or discourage retrogressive movement of 
the strands. 

EFFECTS OF VARIOUS PLANT TISSUES AND FLUIDS ON THE 
GROWTH OF ROOT-ROT MYCELIUM 

The experiments with long glass tubes also made possible a prelim- 
inary study of the selective feeding of the fungfus, as shown by the 
behavior of the strands visible in the tubes. A few tubes were filled 
with soil containing sterilized macerated roots of cotton, pome- 
granate, and citrus, and other tubes with soil moistened with sterilized 
sap that had been expressed from the leaves of the same plants. No 
growth of the fungus resulted from inoculations of the cultures con- 
taining the citrus and pomegranate products. However, the fungus 
did not fail to grow in any of the tubes containing macerated cotton 
roots, and it grew in one of the two tubes containing fluids of cotton- 
leaf tissue. The mycelium developed in these cultures was normal, 
and the elongation of the strands continued for a long period. Though 
the number of tubes included in this test was too small to give reliable 
information, the lack of growth of the fungus in the tubes containing 
citrus material is of interest in view of the results already mentioned 
in using citrus roots as culture media. 

The uniform rate of elongation of the mycelial strands, when the 
fungus is cultured in columns of sand and maintained under similar 
conditions, affords an opportunity to study, with very simple equip- 
ment, the influence of various factors which may affect the growth of 
the fungus. The effect of temperature, moisture, chemicals, various 
plant tissues and fluids, competitive organisms, and other factors can 
oe determined readily by this means. 



670 Journal of Agricultural Research v 0 i. 39, no . 9 

OBSERVATIONS ON ROOT-ROT DISSEMINATION 

The claim has been made by some investigators that root rot is 
spread from one field to another through fragments of fungus threads 
which are carried with soil particles by wind, or by the tools used in 
tillage, and by birds and animals. Warnings have been issued in 
regard to transferring soil from one field to another in inoculating for 
certain legume crops, and in the matter of distributing manures as 
fertilizers. Taubenhaus and Killough ( 16 ) are doubtful about the 
disease being spread by such methods as the above, but state that 
“it is safe to assume that the conidia, at least in the summer, do help 
to spread about the causal organism.” The writers have never been 
able to obtain growth from detached fragments of strands from the 
soil, nor from those entirely separated from the surface of infected 
roots. Although attempts have been made by several investigators 
to germinate the conidial spores, there is as yet no record of a viable 
mycelium having been developed from them. On the basis of these 
facts and from observations made on infections in new areas and 
revived infection in old areas, it does not appear that the conidia play 
any important part in the dissemination of the disease. Nor is it 
believed that detached fragments of ordinary strands are a source of 
danger. There is, however, evidence to indicate that the disease can 
be transmitted to new areas on the roots of living plants, which may 
be susceptible to the disease or may serve only as carriers. Since 
there is good evidence that fragments of dead plant tissues harbor the 
mycelium in a viable condition, such tissues may be capable of con- 
veying and transmitting the disease to new areas. 

Although there is as yet no direct proof that the true sclerotia, as 
now shown to be developed in cultures, are produced under natural 
conditions in the soil, it is entirely reasonable to assume that they are, 
and this opinion may be supported by observations of the occurrence 
and dissemination of the disease. In preparations for growing orna- 
mental plants about a pretentious winter home located on a rocky 
eminence near Superior, Ariz., a fertile soil was transported from the 
floor of a small stream bed which lay in a deep canyon at the rear of the 
residence. The fertile soil was placed in protected coves and depres- 
sions near the buildings. Many of the annuals planted in this soil 
were killed by the root-rot disease, which has persisted in these loca- 
tions for several years. Plantings made later along the stream bed 
from which the soil was taken showed extensive root-rot infection. 

Before the discovery of the sclerotial stage,, the writers made several 
attempts to transmit the disease to new areas by transferring soil 
from infected areas, but all resulted in failure. These transfers were 
made during the summer months, with the precaution of taking the 
soil from the peripheral zone where the fungus was active. But from 
observations made in the laboratory it appears that the sclerotia may 
not be developed until late in the season, with the approach of winter . 4 
If this also is true in nature, soil samples obtained in the summer from 
recently infected areas might contain only mycelium, whereas winter 
samples of soil might carry sclerotia. 

* Subsequent experiments have shown that sclerotia may develop in cultures at any period of the year 
and under a wide range of temperature. 
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It may be true also that the development of sclerotia on old strands 
that remain in the soil for some time after the disease has passed 
would be interfered with to some extent by the activities of secondary 
organisms, and that the most extensive development of sclerotia 
would take place in the fall on the advance strands that are active 
on the edges of infected spots. This is indicated by the regularity 
with which the disease reappears in the spring on the margins of 
areas where the activity was last apparent. (Fig. 7.) 

McNamara and Hooton 5 report having observed in 1926 a forma- 
tion of spore mats in a large root-rot spot in a cotton field in close 
arrangement within the area that had been infected by the disease 
in 1923, while only a few mats were found in the area covered by the 
advance of the fungus during the subsequent five years. Apparently 
no one has been able to offer a satisfactory explanation for this 
phenomenal behavior, but with a knowledge of the sclerotia and 
their physiology, now available, explanations can be offered which 
are entirely reasonable, although still in the realm of conjecture. 

In spite of failures that have been made in attempting to transmit 
the disease by transferring soil from infected areas, it is the opinion 
of the writers that practices which involve transfers of soil, such as 
the balling of trees for replanting, and ^leveling of land under irriga- 
tion, in infected places, involve the possibility of conveying the 
disease and establishing new infections. 

Although several descriptions have been written in attempting to 
illustrate the manner in which the root-rot organism spreads through 
the soil and to define its relationship to its food supply, none of them, 
in the opinion of the writers, have succeeded in giving a complete 
or an entirely accurate account. This seems somewhat surprising 
in view of the fact that the mycological literature includes descrip- 
tions of several well-known fungi whose subterranean behavior is in 
many ways similar to that of Phymatotrichum ornmvorum. One of 
the closest analogies is the destructive mushroom root-rot fungus 
( Armillaria mettea). This fungus leads a saprophytic existence on 
stumps and roots of dead trees, but under favorable conditions 
becomes a serious parasite. Although it frequently develops sporo- 
phores which produce basidiospores in enormous numbers, it also 
relies to a large extent on rhizomorphs for its dissemination. Massee 
(10) speaks of these cordlike rhizomorphs as being in reality elongate 
sclerotia which radiate in every direction in the soil, growing by the 
tips only. Heald (4, />• 798, 801) relates that they have an “apical 
growing region by the activity of which they advance through the 
soil or over the surface of the host. * * * The rhizomorphs 

spread in the soil from their original bases (on dead roots or stu nips) 
to adjacent living hosts,” etc. Although the strands or rhizomorphs 
of the cotton root-rot fungus are not so large and probably not so 
resistant to unfavorable conditions as those of the mushroom root- 
rot fungus, it is evident that they function in much the same manner. 
The behavior of the Phymatotrichum strands in cultures indicates 
that they are capable sometimes of developing a beadlike string of 
sclerotia throughout their length. 

A study of the distribution of the root-rot mycelium through the 
soil in a favorable location in California furnished fairly definite proof 


4 McNamara, H. C., and Hooton, D. H. Op. cit. 
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that it is able to draw large quantities of nutritive material from 
dead root tissues in building up conidial mats or that it is able to 
accumulate in the soil for long periods. Mats appeared in enormous 
numbers in trenches at a considerable distance from any living host 
plants and where only dead tissues were in evidence in the soil. It 
was also apparent from the behavior in this location that the organ- 
ism makes more rapid headway where plant roots or other food ma- 
terials are abundant than where there is a scarcity of this material. 
Laboratory experiments have shown that the mycelium apparently 
does not derive suitable nutrients for sustaining growth from soil 
that contains no organic matter other than that which has been 
entirely broken down to the condition of humus, woods mold, muck, 
and peat. 

All of these materials have been tried as food media in cultures 
without obtaining a satisfactory growth of mycelium. In the above- 
mentioned California location, where there is an infected area en- 
tirely isolated, there was evidence that the fungus had crossed bare 
roadways on two sides of an infected area and extended into new 
fields with the assistance of dead tree roots. In a field where cotton 
had been planted for about seven successive years, no infection was 
observed until 1927, when three plants were killed and about 60 
neighboring plants showed infected roots. From this infection dead 
roots of an almond tree, covered with mycelial strands, were traced 
from the cotton to the opposite side of a roadway, though the trees 
were no longer in existence, as they succumbed to the disease and 
had been dug a year or two before. In another case the conducting 
tree roots had reached a more advanced stage of decay, but the dis- 
ease had crossed a roadway to infect a date orchard, where no injuries 
to the palms above the ground were apparent. 

The mycelium, however, had apparently received sufficient nourish- 
ment from the dead tree roots and from dead or living date roots to 
keep it alive and active, but the rate of progress had obviously been 
much slower where the quantities of deciduous tree roots diminished 
and the organism was made to rely more largely on date roots for 
nutrients. 

As in the case of Armillaria mellea , the strands of Phymato trichum 
are thus visualized radiating in all directions from a food-supply 
base, such as a plant root, and ramifying through the soil. When a 
susceptible plant root or other suitable food material, either of living 
or dead roots, is met by the advance strands, the mycelium accu- 
mulates around these as a new base, and as they afford a supply of 
food and provide for continued growth of the fungus, they are fol- 
lowed for long distances. In the case of a closely planted crop, such 
as alfalfa, there seems to be a tendency for the attack on the roots to 
be confined to the upper 2 or 3 feet, but on tree roots the strands have 
been found at a depth of 6 feet. Laboratory experiments have 
shown that the strands may extend for at least 34 inches through a 
soil that is inert and entirely devoid of nutrient material. In most 
soils a new supply of suitable food would probably be encountered in 
that distance to assist in further extension of the mycelium. 

The rate at which the disease progresses by this underground 
method appears to be variable. On one area cropped to cotton 
.continuously for many years it was noted that the disease in one 
isolated spot of infection advanced into uninfected territory a distance 
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of 53 feet in eight years. In an alfalfa field it was observed that a 
single circular spot of infection increased its diameter more than 00 
feet in three years. SUMMARY 

Pure cultures of the cotton root-rot fungus Phymatotrichum 
omnworum (Shear) Duggar, have been grown for periods of months 
on dead tissues of cotton and many other plants, and many successful 
inoculations of cotton plants have been obtained under partially 
controlled conditions by using these cultures. Hence it is plain that 
the root-rot organism is capable of living on dead plant tissues in the 
soil and can be communicated from these to susceptible plants. The 
facility with which plants can be inoculated from infected plant 
tissues, whether alive or dead, indicates that the transportation of 
such infected plant material may play a part in the dissemination 
of the disease. 

The extensive distribution of the root-rot mycelium on the roots 
of certain monocotyledonous plants, such as date palm, Johnson 
grass, and Bermuda grass and the ability of the fungus to grow con- 
tinuously for several months on the roots of these plants in cultures, 
indicate that the organism may be able to subsist on host plants 
of this type which would serve as ©arritys for the infection. 

Certain plant roots are apparently better suited than others for 
nourishment of the root-rot fungus. On steam-cooked food, or 
alcohol-disinfected roots of some of the monocotyledonous plants 
such as date palm, grasses, corn, and barley, the fungus can be 
maintained for long periods, but the mycelium grows very slowly. 

All attempts by the writers to culture the fungus on the fresh 
roots of citrus species have been unsuccessful, and from the manner 
in which the hyphae are inhibited in approaching these roots, it is 
apparent that the roots contain some material which interferes with 
the growth of the mycelium. 

Cooked roots of some of the most susceptible plants, as cotton, 
Malva, and peach, provide a more favorable medium for the growth 
of the fungus than roots of some of those less susceptible, as cotton- 
wood, tamarisk, jujube, and peppcrtree. 

Live root-rot mycelium on decayed tree roots at a depth of 6 feet 
in the soil of some infected areas and the extensive development of 
conidial mats at this depth, in trenches, provide evidence that the 
organism is able to function throughout a large volume of soil and 
to considerable depths. For this reason difficulties of controlling 
the fungus by tillage or other methods which affect only the surface 
layer of soil are to be expected. 

Barriers of oil mixed with soil, placed in narrow trenches about 3 
feet deep, in front of the advancing line of infection were effective 
in checking the spread of the disease in alfalfa fields. Sheets of 
galvanized iron 26 to 36 inches wide, set on edge in trenches prepared 
in a similar manner, were equally effective. 

A clean fallow maintained on two plots at Sacaton, Ariz., for two 
years had no effect in reducing the extent of the infection when the 
area was replanted to cotton. On an adjacent plot of the same size, 
fallowed for one year after a winter crop of peas had been turned 
under, no reduction in infection resulted from the treatment. When 
replanted to cotton after fallowing, the infected areas in all these 
plots were in nearly the same locations ami maintained somewhat 
similar shapes and sizes as before. 

77747—29 3 
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The large pseudosclerotial formations developed in artificial cultures 
are more elaborate structures than the small wartlike aggregates of 
hyphae found on infected roots in the soil, which also are considered 
as pseudosclerotia. For their most extensive development, suitable 
nutrients and an abundant moisture supply are required. Although 
these large mycelial masses are capable of preserving the life of the 
fungus for long periods under laboratory conditions, favorable con- 
ditions are required for them to remain viable, and they have not 
been found under natural conditions. 

A true type of sclerotium formed from mycelial strands extending 
through sand and soil in pure cultures was discovered in September, 
1928. These sclerotia appeared in great numbers in fruit jars and 
other containers in which sterile sand and dead cotton-plant tissues 
were present. Their production apparently is influenced by tem- 
perature conditions, but when fully developed they are capable of 
prompt germination, and show a vigorous growth of new mycelium 
under suitable temperature and moisture conditions. 

The sclerotia are small round or oval tuberlike structures, attaining 
a diameter of 1 to 2 millimeters, of rather firm texture, showing in 
section rather large, closely packed cells, with one or more surface 
layers of smaller and harder cells of very irregular form. The 
structure of the sclerotia indicates that they are simple storage bodies 
that may serve for preserving the organism during periods of inactivity. 
They apparently are not injured by widely fluctuating temperature 
conditions, or by submergence in water for Jong periods, but do not 
seem to withstand desiccation in the air. 

The hyphae which develop from the germination of the sclerotia 
consist of the large, Rhizoctonialike cells, which characterize a new 
growth of mycelium in this fungus. These in a short time begin the 
formation of strands which spread over the substratum in a character- 
istic manner. 

The sclerotia provide a convenient means of propagating the fungus 
in the laboratory, since under the ordinary conditions of culture they 
give assurance of immediate and rapid mycelial growth, and con- 
taminations are easily excluded because the sclerotia permit the use 
of antiseptic solutions on their surface tissues without injuring their 
viability. 

Although the sclerotia have not as yet been found in nature, they 
doubtless occur under certain conditions, and may play an important 
rdle in maintaining the fungus through the winter. Also they may 
furnish an explanation of disappointing results with control measures 
in various places. 

The indications that sclerotia may be formed in great numbers in 
the soil at certain periods of the year make it unsafe to assume that 
the disease can not be transmitted in soil from infected areas. 

A method was devised for studying the elongation of the strands by 
establishing a pure culture of the fungus on small sections of dead cot- 
ton root in one end of long glass tubes containing sterile moist sand 
and measuring the daily growth of the strands. By this simple 
method the fact was established that the mycelial strands are capable 
of extending long distances from their food supply. Growth in one 
tube was continued for 46 days, the mycelium being nourished only 
by a small piece of dead tissue of a cotton plant. 
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In many of the tubes the strands of the fungus grew through a 
column of acid-treated sand a distance of 2 feet or more from the 
food supply. In one of the tubes a vigorous growth of the fungus was 
continued for 34 inches, when the end of the tube was reached. 

In several of the tube cultures the plant tissues on which the fungus 
had been introduced were removed after a few days, and this was 
found to have little effect in retarding the growth of the strands. It 
appeared from these experiments that the fungus is capable of trans- 
locating nutrients from the older portions of its system for producing 
new apical growth. 

The opportunity which the sand-tube cultures afford for observing 
and measuring the elongation of the strands renders this method 
applicable for studying the effect of various environmental factors 
on the growth of the fungus. 

The presence of secondary organisms in cultures of the root-rot 
fungus retarded the growth of the mycelium and in some cases 
checked it completely. Under natural conditions the effects of other 
soil organisms upon the fungus may determine the distribution of 
the disease. 

The fungus grows through the soil by means of its mycelial strands 
for considerable distances, and thus i&*capable of moving from one 
food supply to another. Though the spread of the disease into new 
areas by this means is apparently slow, more rapid progress may be 
made where the soil is pervaded with roots, so that a more continuous 
food supply is available. 
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CORRELATION STUDIES WITH INBRED AND 
CROSSBRED STRAINS OF MAIZE 1 

By Merle T. Jenkins 

Associate Agronomist , Office of Cereal Crops and Diseases , Bureau of Plant 
Industry , United States Department of Agriculture 2 

INTRODUCTION 

The final test of every inbred line of maize is the ability of its crosses 
to produce large yields of sound corn. An extensive program of selec- 
tion within selfed lines involves much labor and expense. Good lines 
could be produced more cheaply, and more rapid progress could be 
made if it were possible to recognize and discard in the earlier years of 
selling those lines that are likely to give unproductive crosses. The 
studies herein reported were undertaken primarily to determine 
characters associated with productivity in the hope that these 
characters might then be used as indexes for selection. 

The problem has been developed along three main lines. Coeffi- 
cients of correlation have been computed (1) among a number of 
different characters in the same generation (a) within inbred lines and 
(b) within Fi crosses, (2) between characters in the inbred parent lines 
and the same characters in the crossbred progenies, and (3) between 
the various characters of the inbred parent lines and the yield of the 
crossbred progenies. The correlations within lines or crosses (1) are 
of interest in indicating the characters within the crop itself which 
are associated with productivity. The parent-progeny correlations 
(2) indicate the extent to which the parental characters are expressed 
in the crosses, and (3) they indicate the degree to which characters of 
the parents influence productivity in the crosses. The parent-progeny 
correlations, therefore, are the most valuable as guides for selection. 

Detailed data are presented on a number of characters of the parent 
lines and of their Fi crosses in order to bring out some interesting rela- 
tions in regard to differences in prepotency among inbred lines of 
corn. These relations are not brought out by the coefficients of 
correlation. 

REVIEW OF LITERATURE 

The extensive studies that have been reported on the relation 
between various characters and yield in open-pollinated corn need not 
be considered here. Because of the open-pollinated condition, they 
have no direct bearing on the present investigations. More recently 
several investigators have reported on the correlation of characters 
in inbred lines and their crosses. 

1 Received for publication Mar. 30, .1929; issued November, 1929. Submitted to the faculty of the 
Graduate School of fowa State College in partial fulfillment of the requirements for the degree, of doctor of 
philosophy, August, 1928, The data on which this paper is based were obtained in connection with the 
corn-breeding program conducted by the Office of Cereal Crops and Diseases, United States Department 
of Agriculture, and the Farm Crops Section, Iowa Agricultural Experiment Station, cooperating. 

2 The writer wishes to acknowledge his indebtedness to Dr. E. W. Lindstrom and F. D. Richey for their 
kindly criticism and many helpful suggestions during the progress of these investigations, to Prof. G. W. 
Snedecor and A. E. Brandt for many suggestions in regard to the mathematical phases of the problem, and 
to A. A. Bryan for very valuable assistance during the selection of the inbred lines and the making of the 
Fj crosses. 
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Kiessolbach ( 5 ) 3 found a general relation between the productivity 
of inbred parents and that of their hybrid offspring. Exceptions to 
this general rule, however, were noted. 

Richey (8) found that the tendency of certain strains to produce 
high-yielding crosses was very noticeable. For example, the mean 
yield of the seven crosses involving a certain strain exceeded the yield 
of any single one of the remaining 34 crosses not involving this strain. 
In later experiments with the same material Richey and Mayer (10) 
found that some inbred lines were much superior to others in produc- 
ing high-yielding crossbred combinations. 

Kyle and Stoneberg (6) noted that inbred lines having smaller 
numbers of kernel rows had a greater length of ear per plant, were more 
resistant to corn smut, had fewer plants with certain heritable 
deleterious characters, and were generally more vigorous and pro- 
ductive than the lines having larger numbers of kernel rows. 

Hayes (2) presented a number of coefficients of correlation to show 
the inheritance of various characters through different generations of 
inbreeding. In general, these correlations were positive, as would 
be expected. The larger coefficients were obtained for length of ear, 
size of seed, and cob discoloration, although, for some varieties, 
percentage of smut infection and lodging were rather strongly cor- 
related in the different selfed generations. A number of coefficients 
of correlation between yield of the inbred lines and various other 
characters also were given. Yield was found to be strongly corre- 
lated with other characters of the inbred lines which are expressions 
of vigor. 

More recently, Nilsson-Leissner (7), in experiments conducted in 
Minnesota, found that some inbred lines were distinctly superior to 
others as parents of crosses. He reported the yields of most of the 
possible combinations among 13 dent inbreds and among 9 flint 
inbreds. Both among the dents and among the flints certain inbred 
lines produced higher yielding F x crosses. Coefficients of correlation 
between certain characters in the selfed lines and the same characters 
in Fi crosses also were reported. The correlations were positive in 
every case. Correlations between the yield of the Fi cross and the 
mean yield of the two parental lines were 0.1852 ± 0.0580 in the 
group of dent inbreds, and 0.7434 ± 0.0427 in the group of flint in- 
breds. Multiple correlations between yields of the Fi crosses and 
five characters in the parental lines were 0.6687 in the dents and 
0.8240 in the flints. 

Jorgenson and Brewbaker (4), in experiments also conducted in 
Minnesota, obtained data on 10 inbred lines from the dent variety 
Silver King and on the F x crosses between them. Both high and 
low yielders were found among the crosses from each inbred line. 
On the basis of the average yield of all of the Fi crosses in which they 
were used as parents, some inbred lines appear distinctly superior to 
others. These investigators also report a number of correlations 
between various characters in the Fi crosses and the mean value of 
the same characters in the two parental lines. Their coefficients of 
correlation, like those of Nilsson-Leissner (7), are all positive. They 
calculated a multiple correlation with yield of the Fi cross as the 
dependent variable and length of ear, diameter of ear, number of 


» Reference is made by number (italic) to “Literature cited/' p. 721. 
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kernel rows per ear, height of plants, and yield in grams per hill of 
the parent lines as the independent variables. This correlation was 
0.6074. The highest simple correlation with yield of the F x cross 
was that of 0.5000 ± 0.0771 with yield of grain in the parents. 

MATERIAL 

The inbred lines used in these experiments are listed in Tables 1 
and 2. These tables show the pedigree number of each line, the 
variety from which it originated, and a summary of the data on its 
Fi crosses. The lines are entered in the tables in the order of their 
occurrence in the crossing blocks. The crossing-block row numbers 
are used to designate the lines in other parts of the paper. Most of 
the inbred lines were produced at Ames, Iowa, during the progress 
of these investigations. Five inbred lines (Nos. 41, 42, 174, 175, and 
176) were obtained from J. R. llolbert, of the Office of Cereal Crops 
and Diseases, United States Department of Agriculture, Bloomington, 
111., and one inbred line (No. 112) was obtained from E. W. Lind- 
strom, of the department of genetics, Iowa State College. 

Most of the inbred lines listed in Tables 1 and 2 were used both in 
the correlation studies within inbred lines and in the parent-progeny 
correlations. There were a few exceptions, however, which are 
indicated in the tables. In the computation of the coefficients of 
correlation within inbred lines data were included on 10 lines not 
used in crosses. Naturally these lines had to be omitted from the 
parent-progeny correlations. Conversely, in the computation of the 
correlations within F! crosses data were included on the crosses of 12 
parent lines for which no data were available on the inbred lines 
themselves. In the parent-progeny correlations these crosses could 
be paired only with the one parent for which data were available. 
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* The dates of tasseling and of silking are recorded tis t he number of days after June 30. 

b Used as the parents of crosses, but no data on the lines themselves were available for use in the correlation studies. 
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Table 2. — Crossing-block row numbers , pedigree numbers, parent varieties, and 
the means for the different characters in all of the crossbred progeny of each inbred 
parent line of corn in 1926 


Color 

group 

and 

crossing 
block- 
row No. 


Pedigree No. 


Parent variety 


Means for the different characters in the cross- 
bred progeny of each inbred line 


Dateof— £ !: 




corn: 

| 


'■No. 



P.ct. 

Feet 

P.ct. 

P.ct. 

j 

Lbs. 

101- 

3-3-3 -3-composite . 

Four-County 

White.; 10 

25. 1 

28.4 

11.1 

6.8 

95. () 

4.8 

!86. 4 

11.08 

102- 

11-4- -1 -3-composite . 

do 

J in 

25. 1 

30. 2 

12.2 

7.6 

93.8 

2. 7 

85. 3 

11.86 

103- 

. 1 1 6-4 • 3 3 -co n l j >os i te - 

do 

! 10 

22.9 

27. 0 

11.7 

6.8 

91.7 

4.3 

80. 4 

11.20 

104- 

.1 29-3-5-4 -composite . 

do 

9 

24.0 

26. 4 

10. 3 

6.6 

91. 9 

4. 1 

85. 4 

11. 19 

105- 

: 46-5 *4 -2-coin posite _ 

do 

9 

25. 8 

30. 0 

11.9 

fi. 9 

97.2 

2.5 

84. 1 

11.23 

100- 

56-3-3-4 -comiiosite . 

do . 

j 10 

26. 0 

29. 0 

13.6 

7. 1 

89.6 

1.4 

84.3 

11.51 

107- 

63-4-1 -6-composite . 


10 

24. 6 

28. 1 

12.4 

7.3 

93.3 

. 7 

,85. 5 

12.29 

108*. 

67-4-2-1 -composite . 

do 

. . i 



| 1 




1 


1 (Kl- 

_ 80-1 -3-6-corri posite _ 

do 

io 

126.1 | 

29.6 

114.3 

6.9 

94.8 

3.4 

184. 6 

11. 32 

110 ... 

J 101-4-5 5-composite . 

_do 

io 

25.5 1 

28. fi 

! 12. 7 i 

7.3 

94.2 

3.0 

184.4 

12. 09 

Ill _ 

128-1-3- 2-composite - 

Silver King.. 

-- 9 

24.8 ; 

27. 5 

111.9 i 

! 7.3 

80. 1 

6.2 

;84. 7 

11.42 

112 c _ 

Lindstrom 7117— 

White Flint.. 

- ,, 9 

25. 7 

29. 5 

|13.7 I 

7.4 

86.7 

1.6 

i85. 6 

12.35 


composite. 





j I 






113 b . 

50 ■ -5-3-6 -composite . 

Four-County 

White 







i 






L...I ' 






i 




Mean ... . .. ___;25.0 j28.fi 112. 4 j 7.1 92.3 3.1 85. 1 11. GO 


Yellow 
corn: 
114 ... 
115*. 
110 .. 
117. 
118 _ 

119 . 

120 
121 


134- 3-2-4- --composite 

135- 4~5-~6-composito - 
153-5 -2 -2-composite .. 
155-2 2 2-composite - 
157-3 -1 -3-composite . 
101-1 3-3- composite . 
109-4-4-1 composite _ 
170-2-8-2-composite .. 


C.l. 133 

do 

do 

Indent 

do. 

do . 

. do 

do 


9 1 27. 1 32.4 14.6 

9 26. 4 30. 4 113. 8 
9 :34. 4 39.0 17.1 
9 i34.fi 38.4 17.7 
9 i34.5 39.0 119.7 
9 34.4 39.4 |l3.8 
42 133.2 37.8 jlfi.fi 


7.0 89.0 
7.8 68.6 

7.8 74.0 
8.4 79.2 

8.0 49.7 

7.9 80.2 


4.8 183.2 10. 06 

2. 5185. 2 ’y.‘84 
4.6 i83.0 10.41 
2. 1 1 82. 5 10.31 
2.0 ; H 0.8 10.68 

3.8 83.0 11.08 

2.8 i813. 8 10.38 


123... 

188-1 -4-1-composito . 

...do 

9 32. 2 

38. 0 

16.4 

7.9 

82. 1 

5.2 

84.6 

10.35 

124... 

197-1-2- 6-composite 

do.. 

9 ;32. 6 

35. 7 

17.3 

8. 1 

85. () 

2.5 

83. 5 

12. 30 

125... 

207-2-5 -2-composite . 

do 

8 32.8 

37.0 

18. 6 

7.9 

75. 7 

2.9 

83. 6 

10. 90 

126. ... 

21 5— 2-5— 1 -composite . 

... do 

9 33.4 

38. 1 

15. 9 

8.4 

80. 1 

1.3 

84. 2 

11.85 

127'-.. 

219-3-1 -5-composite . 

do 









128... 

224-2- 2-1 -coin posite . 

do 

9 34. 6 

38. 4 

15. 2 

8.2 

86. 6 

1.8 

84. 0 

11.72 

129. . 

234-2-3-1 -com posi to . 

..do 

9 34.2 

38. 1 

16.2 

8. 2 

75. 0 

3.1 

83. 7 

11.16 

130 

254 -3-0-1 -com posite . 

do 

9 j36. 5 

40.7 

20. 1 

8.3 

66. 3 

6.3 

83.8 

10.91 

131 h 


do 









132... 

267--3-5-2~eomposite . 

do 

9 34. 6 

39.2 

15. 8 

8.0 

77. 6 

1.9 

83.4 

11. 13 

133... 

275-3-5—1 -composite . 

C. I. 204 

9 34.9 

39. 4 

17.6 

7.8 

72.1 

3. 9 

84. 1 

9. 85 

134 b _. 

278-3-4-1 -composite . 

do 

i 

. 




. . 



... .. . 

135. . 

289-4-3-5-com posite .. 

Lancaster Surecrop 

9 >32.6 

37. 1 

i6. i 

7.8 

63. 3 

4.7 

84. 6 

12. 43 

136 ... 

291-1 -n-l-com posite . 

do 

9 >33. 6 

38.4 

17.3 

8. 0 

45.3 

1.3 

83. 2 

11.65 

137*. . 

307-2-4- 4-composite . 

do 

| 







... 

139... 

3 1 5-2-4 -3-composi te . 

do 

9 32.4 

37. 6 

is. 7 

8.6 

50. 2 

2.7 

82. 3 

11.39 

140. ... 

317-3-1 -2-composite . 

.... ..do 

41 134.2 

39.4 

19.8 

8.4 

62. 4 

4.2 

81.fi 

11.46 

141. _ 

324-2- 2 -1-composite . 

. _.do 

9 32.4 

37.7 

19.6 

7. 8 

61.fi 

9.5 

82. 5 

11. 17 

142. .. . 

331-3-1- 7-composite _ 

do 

9 31.0 

35.8 

19.5 

7.9 

49. 0 ! 

3.5 j 

80.8 

11.76 

143 r . 

345-2-1 -5-composite . 

Black's Reid 

43 33.8 

38.4 

15.2 

8.4 

75. 1 

5 5 j 

82. 7 

10.56 

144... 

348-3-1 -5-composite . 

do 

9 33. 8 j 

38.7 

16. 2 

7.9 

61.4 

1.4 

82.0 

10. 98 

145 b . 

349-5- 1 -6-coin posite 

. .do 









146 

35 1-4-5-5-com posite . 

do 

9 33.7 | 

38. 1 i 

n.r 

8.2 

71.4" 

3*7 

84.” 8~ 

12. 27 

147... 

353—5—1—1 -composite . 

do 

9 34. 6 1 

39.3 

19.3 

8.0 

82.1 

3.2 

85. 4 

9. 79 

148 b .. 

358-2-6-2-composite . 

Proudfit’s Reid... 

..| I 





_ 




149 ... 

365-4-3-1-oomposite . 

..-._do 

9 32. 8 ji 

38.6 i 

19.0 

8.4 

70. 0 

1.9 

84.4 

10*39 

150. . _ 

370-1 -1-1-composite . 

.... do 

43 l33.fi ' 

38.9 

18.4 

7.6 

68. « 

3. 1 

84.8 

10. 57 

151... 

389-5-2-1 -composite _ 

Krizer Bros. Yellow 

T ^ All t 

7 34.8 ji 

38.2 

19.7 

7.8 

41.4 

1.8 

85. 1 

10. 16 

152 b .. 

391-5-5-l-composite .. 

do 

! 1 








153... 

394 -4- 2-1 -composite . 

do 

43 132.6 : 

36.1 

17. 6 

7.6 

82.7 

2.5 

84." i 

10. 79 

154 .. . 

397-1-2-1 -composite , 

do.. 

9 132.7 : 

37.1 

19.7 

7.6 

64.8 

3.0 

82.5 

11.39 

155... 

398-1 -2-2-composite . 

McCulloch's Reid 

9 >33.4 > 

37.7 

17.6 

8.2 

78.5 

6.9 

83.4 

11.19 

156... 

399-1-1-6-composite . 

do 

9 ,31.6 ; 

36.1 

14. 5 

8. 0 

78.6 

3.3 

84.6 

10. 49 

167 

4 1 1-3-3-3-composi te . 


43 .33.0 I 

38.8 | 

19.6 

8.1 

59.0 1 

4.2 

83.5 

10. 43 


« The dates of tasseling and of silking are recorded as the number of days after June 30. 
b Used in the correlation studies within inbred lines but not as the parents of crosses. 
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Table 2. — Crossing-block row numbers , pedigree numbers, parent varieties , and 
the means for the different characters in all of the crossbred progeny of each inbred 
parent Hue of corn in 1926 — Continued 


Means for the different characters in the cross- 
bred progeny of each inbred line 


Color 

group 

and 

crossing 
block- 
row No. 

Pedigree No. 

Parent variety 

Crosses aver- t 
aged i 

Date 

be 

B 

1 

o 

Silking ! 

Shrinkage of the 
harvested ears 

Plant height 

Plants erect at j 
harvest | 

Ears moldy 

Shelling per- j 

cent age I 

Yield per row 

Yellow 

corn: 



Vo 



P.ct. 

Feet 

P.ct 

l 

P.ct. 1 

Lb*. 

158 

415-5-4-4-eomposite - 

McCulloch's Reid 

9 

34.3 

38.0 

19.3 

8.0 

71. 1 

5.0 183.5 

10.39 

159 

4 1 8-2-0- 1 -composite . 

Osterland’s Reid 

9 

30. 7 

37.8 

14.8 

7.2 

87. 5 

9.8 182.0 

8. 65 

100--. 

419-2-2-4-composite . 

do 

43 

32. 0 

36. 0 

16.5 

8. 1 

75. 7 

5.5 83.4 

10. 92 

101 — 

420-2-7-5-composite . 

do 

9 

30. 6 

30. 2 

21.2 

7. V 

87. 0 

0.0 83.6 

11.09 

162--. 

1 63 h 

433-2-3-1 -composite - 
440-1-3- 7-composite 

Clark Yellow Dent . 

_ ..do . 

9 

35. 0 

39.7 

17.6 

8. 2 

43. 5 

3.9 J81. 0 

9. 03 

104 .. 

447-5~l-8-comi>osite . 

_ _ . . do 

9 

27. 5 

32. 9 

12.3 

7.3 

80. 1 

4.3 181.8 
5.2 ;84. 7 

10. 30 

105. . J 

451-1 ■ 5-1-compositc 

Walden Dent ! 

9 

33.4 

38.0 

20. 2 

7. 8 

75.4 

9. 75 

100-.. 

400-4 - 1 -5-composite . 

do... ! 

9 

33. 8 j 

38.0 

19. 0 

8. 2 

09.2 

3.2 82.9 

10. 30 

107. . 

401-2-1 -4-composite . 

.do 1 

9 

38.4 

43. 0 

20. 3 

9.0 

58. 3 

2.0 184.2 

10. 28 

108 

405-3-1 -4-composite . 

do 1 

43 

32.8 | 

37. 1 

13.0 

7.8 

77.0 

1.8 (83. 4 

10. 41 

109 ! 

467-1-4-4-eoniposite . 

do 1 

9 

31.5 | 

30. 9 

20.7 

8.0 

71.5 

3.5 ’83.0 

10. 92 

170 ! 

477-4-2-2-composite . 

Argentine Flint. ... ...: 

9 

32.8 . 

39. 0 

10.5 

7.8 

84. 7 

3.4 ,85. 5 

9. 01 

171. .J 

483-5-4-4 composite . 

.do A 

43 

33.2 

38.8 

23. 1 

7.8 

51. 1 

3.0 ! 83. 5 

10. 40 

172--. j 

487- 5- 1-2- com posi te . 

.do . 

9 

31.8 

36. 4 

17.8 

7.8 

04. 4 

1.9 184.9 

10. 27 

173... 

493-3-1-1-composite . 

do .. J 

9 

35. 0 

42.2 

22. 5 

7.0 

55. 7 

1.1 81.9 

9. 07 

174*.. 

Holbert 's A-l-l-2- 
R- 1 -2-3-7- 1. 

Funk Bros. 170 A . . .j 

9 

33. 0 

38. 1 

18.4 ! 

| 

7.8 

68.0 

2.3 [82. 7 1 

; j 

10.81 

175'-.. 

Holbert’s B-l-1-3- 
U-10-1-12-14. 

do - ! 

i 

8 

37. 0 

41,6 

19.0 

8.3 

05.4 

5.2 183.8 1 

: i 

9. 89 

170'’.. 

Holbert’s U-8-8-1- 
B-2-2. 

Griffin’s Reid. 

1 

9 : 

32.8 

30.8 1 

i 

17.2 ! 

8.4 

60.9 

2.3 83.3 



9. 88 


Mean 

i 

i 

“i 

i 

33. 1 

37.9 

17.7 | 

8. 0 

7„.2 

3.6 83.4 

10.05 


The dates of tasseling and of silking are recorded as the number of days after June 30. 

6 Used in the correlation studies within inbred lines but not as the parents of crosses. 
c Used as the parents of crosses, but no data on the lines themselves were available for use in the correla- 
tion studies. 

The b\ crosses were made in 1925 and 1926. Those made in 1925 
were compared for yield in 1926, and those made in 1926 were com- 
pared for yield in 1927. The lines developed at Ames had been 
selfed for three generations prior to crossing in 1925, and for four 
generations prior to crossing in 1926. Lines Nos. 41 and 176, received 
from Doctor Holbert, had been inbred for 5 generations, No. 42 for 7 
generations, and Nos. 174 and 175 for 8 generations. Line No. 112, 
from Doctor Lindstrom, had been inbred for 2 generations when 
crossed. 

The varieties represented in the experiments and the number of 
inbred lines originating from each are shown in Table 3. In all, 140 
lines from 18 varieties were used as the parents of crosses and 142 
lines from 14 varieties in the correlation studies within inbred lines. 
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Table 3. — Numbers of inbred lines from different varieties of corn used in the 

experiments 



Number of- inbred lines 

Parent variety 

Used as the parents of crosses 
in the year stated 

Included 
in the 


— 



correla- 


11)2 5 

192(5 

Total 

tions 

Four-County White . . . 

15 

9 

24 

24 

Silver King.... . 

3 

1 

4 

4 

C. I. 133 .. 

4 

2 

(i 


Indent .. . .. . 

IK 

13 

31 

34 

C. 1. 204 

3 

1 

4 


Lancaster Su recrop 

4 

(5 

10 

11 

Black’s Reid Yellow Dent 

3 

4 

7 

8 

Proud fit’s Reid Yellow’ Dent 

3 

• 2 

5 

(5 

Krizer Bros. Yellow Dent _ . . 

3 

3 

0 


McCulloch’s Reid Yellow’ Dent 

3 

4 


1 7 

Osterland’s Reid Yellow’ Dent 

4 

3 

7 

7 

("lark Yellow Dent _ 

4 

2 

(5 


Walden Dent 

3 


8 

7 

Argent ine Flint 

4 i 

4 

8 

8 

Western Flint _ 

1 j 

0 

1 

0 

White Flint . . . . . . . 

0 ! 

1 

1 

0 

Funk Bros. 17f> A . ... 

2 i 

2 

4 

0 

Griffin's Reid Yellow- Dent __ r 

0 

1 

1 

0 

Total .. . „ J 

77 

(53 

140 

M2 


EXPERIMENTAL METHODS 

Throughout the selection of the inbred lines extreme care has been 
exercised to prevent accidental outcrossing. All of the self-pollina- 
tions since the experiments were started have been made by the 
bottle method already described (3). Very little outcrossing has 
occurred. For example, in 1020 less than 0.4 per cent of outerossed 
plants occurred in the selfing plots. At this time the lines had been 
inbred for four generations, and outerossed plants could be dis- 
tinguished readily by their greater size and vigor. 

MAKING THE Fi CROSSES 

In comparing the inbred lines as parents an attempt was made to 
use each line in at least 10 crosses. All of the crosses were made in 
a special group of rows called the crossing block. ’Several different 
methods were followed. In 1925 each row in the crossing block was 
from the seed of an individual ear. In 1926 seed from three to five 
selfed ears was mixed to represent each line. 

The 80 inbred lines in the 1925 crossing block (Nos. 1-80, Table 1) 
were divided into three groups. The first group, Nos. 1 to 20, were 
from varieties of white corn; the second group, Nos. 21 to 40, were 
from early varieties of yellow corn; and the third group, Nos. 41 to 80, 
were from the later varieties of yellow corn. Lines 8, 23, and 44 
were weak and undesirable and therefore were discarded. This 
left 19 lines in each of the first two groups and 39 in the third group. 

Within the first group, each of the lines 1 to 10, inclusive (except 
8), was crossed with each of the lines 11 to 20, inclusive, resulting in 
90 different combinations. Similarly, in the second group, lines 21 
to 30, inclusive (except 23), were crossed with lines 31 to 40, inclusive. 
This also gave 90 different combinations. In both groups the crosses 
were made reciprocally, and the seed from reciprocal crosses was 
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mixed for use in the yield experiments. A slightly different pro- 
cedure was followed in the third group. Here, 10 of the 39 lines 
were selected as sires, and an attempt was made to cross each sire 
with each of the remaining 29 lines. Of the 290 possible combinations, 
281, or all but 9 combinations, were obtained. No reciprocal crosses 
were made in this group. 

The 1926 crossing block contained 76 inbred lines (Nos. 101 to 
176, Table 2). Lines 101 to 113, inclusive, were from varieties of 
white corn. Two of these were discarded, the 11 best-appearing 
lines being selected for crossing. An attempt w r as made to obtain 
all possible combinations among these 11 lines. Of the 55 possible 
combinations, 53 were obtained. Seed of reciprocals was mixed for 
use in the yield experiments. Lines 114 to 176, inclusive, were from 
yellow corn. For various reasons 10 of these were discarded, leaving 
53 lines. Of these, 10 were selected as sires and were crossed with 
each of the other 43 lines. Reciprocal crosses were not made in this 
group. Later in the season, after the crosses had been made, one 
of the lines used as a sire developed undesirable characteristics and 
all crosses with it were discarded. All but 4 of the 387 possible 
combinations (9 sires with each of 43 lines) were obtained. 

In making all crosses, pollen from 12 to 15 plants of the row used 
as the male parent was mixed together and three to six ears were 
pollinated in each row used as a female parent. This tended to 
avoid the effect of individual plant variation. In the three groups 
of lines where reciprocal crosses were made and the seed mixed, 
therefore, from 12 to 20 plants in each of the parental lines were 
represented in the cross. In the two groups where reciprocal crosses 
were not made, 12 to 15 plants of the male parent and 3 to 6 plants 
of the female parent were represented in the cross. 

The technic employed in making the crosses was similar to that 
described by Coulter ( 1 ). A half-ounce bottle was used to hold the 
pollen, instead of a thistle tube. The top of the bottle was fitted 
with a 2-holo rubber stopper. Two pieces of glass tubing were 
inserted, as for an ordinary wash bottle. The pollen then was blown 
onto the silks. In this way it was easy to make 50 to 60 cross 
pollinations with one collection of pollen. 

YIELD EXPERIMENTS 

All data on the inbred parent lines used in the correlation studies 
were obtained in a special yield experiment in 1926. At this time 
the lines had been selfed for four generations. The seed used to 
represent a line of the 1925 crossing block was a mixture from several 
selfed progeny ears of the ear used in that crossing block. The seed 
used to represent a line of the 1926 crossing block was from the same 
mixtures as those used to plant that crossing block. 

Each line was planted in three distributed 15-hill, 1-row plots. 
Every tenth plot was planted to the same inbred line to provide a 
uniform check. Because of a shortage of seed, only three kernels per 
hill were planted, and the plants were not thinned. 

The data on the crosses used in these studies were obtained from 
special yield experiments conducted in 1926 and 1927. The three 
groups Of Fi crosses, white, early yellow, and late yellow, which 
were made in the 1925 crossing block were compared in the 1926 
experiments, and the two groups of F x crosses, white and yellow, 
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which were made in the 1926 crossing block were compared in the 
1927 experiments. In each experiment six distributed 1-row plots, 
each 15 hills long, were planted with each kind of corn. In order 
to obtain more uniform stands, four kernels per hill were planted and 
later the plants were thinned to three per hill.. In the 1926 experi- 
ments, every tenth plot was planted to a uniform check. No check 
plots were planted in the 1927 experiments. 

All yields are reported as pounds of air-dry shelled corn per row. 
The percentage of moisture in the comparison of inbred lines was 
determined by drying the entire yield from each plot. In the 1926 
comparison of crosses the percentage of moisture was determined from 
a shrinkage sample of 15 random ears taken from each plot. In the 
1927 experiments the entire yield from two of the six replications of 
each kind of corn was dried. The average moisture content of the 
shrinkage samples after they had become air dry was 5.57 per cent for 
the experiments conducted in 1926, 5.69 for the comparison of white 
crosses in 1927, and 7.19 per cent for the comparison of yellow crosses 
in 1927. The yields in pounds per row may be converted to acre 
yields in bushels of grain containing 15 per cent of moisture by multi- 
plying by the following factors: 


For all of the 1926 experiments _ 5. 191 

For the white crosses, 1927 5. 184 

For the yellow crosses, 1927 _ 5. 102 


In both the 1926 and the 1927 yield experiments the six plots 
of each kind of corn were distributed at random over the field. In 
the 1926 experiments, however, the first replication was planted 
in the order of the pedigree numbers of one inbred parent and the 
second replication was planted in the order of the pedigree numbers 
of the other parent. The four packets of seed of each kind of corn 
for the remaining four replications then were put together in a churn 
and thoroughly mixed. They then were drawn at random from the 
churn and planted in that order. In 1927 six packets of seed were 
made up of each kind of corn, one packet for each replication. The 
packets for each replication, however, were mixed separately, so that 
there was random distribution within each replication, but the differ- 
ent replications were kept separate and distinct. 

YIELD COMPUTATIONS 

The data were recorded on punch cards which then were used with 
mechanical sorting and tabulating machines. In this way no more 
effort was required to collect the data from the various plots of each 
kind of corn with a random distribution than would have been 
required with a systematic distribution. 

Yields were adjusted for variations in soil productivity and in 
stand. Adjustments for soil heterogeneity were made according to 
the regression of the individual rows on a 5-row moving average, as 
suggested by Richey ( 9 ). Adjustments for stand were made accord- 
ing to the regression of yield on stand. The essentially different 
feature of the process used was that these two adjustments were 
made on the basis of one multiple regression equation which took 
account of variation in both soil and stand. The various correlations 
among stand, the 5-row moving average, and the deviation of the 
yield of each plot from the mean yield of all plots of the same kind of 
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corn first were calculated. From these correlations a multiple 
regression equation of the form 

^8-Hi DA A 

was determined. In this 1) represents the predicted and I) the ob- 
served deviation in yield of any plot from the mean yield of all plots of 
the same kind of corn, S represents the deviation in stand of any plot 
from the mean stand of the experiment, A , the moving average value, 
and 13 indicates the partial regression coefficients. Actually only the 
mean yields of the different kinds of corn were adjusted. Then I) 
represents the correction term to be applied to the mean S, the mean 
deviation in stand of all plots of the same kind of corn, and A their 
mean moving average value. 

A general standard deviation was calculated for each experiment. 
The formula used was the usual one of 



in which d is the deviation of each plot from the mean of all plots of the 
same kind of corn. The standard deviation of the difference between 
any two mean yields was then calculated according to the formula 
suggested by Richey ( 9 ) as follows: 

2s (1-ff *) ’ 

0 - 1 ) 0~i) 

in which s is the number of plots used in computing the moving 
average, n is the number of replications, and R is the multiple correla- 
tion of stand and moving average with yield. 

COLLECTING DATA ON CHARACTERS STUDIED 

A list of all of the characters treated as variables in the correlation 
studies is given in Table 4. The symbols used throughout to desig- 
nate the respective variables are shown at the left of the table. 
Table 4 also shows the units of measurement and least measurements 
used in taking the data on the variables and the class intervals used in 
calculating the coefficients of correlations. In general, the size of 
the class interval was arranged so as to give 10 classes. 

Data on the characters studied were taken on each replication of 
the yield experiments, except that the datfe of tasseling, date of silk- 
ing, plant height, nodes per plant, and nodes below T ear were deter- 
mined on only two replications of the Fj crosses. The final values 
used in the correlation tables were the means of the values determined 
for the different replications. 

The date of tasseling and date of silking are based on the date on 
which 10 plants in the row (approximately one-fourth of the plants) 
tasseled or silked. The dates are recorded as the number of days 
after June 30. A plant was counted as tasseled as soon as anthers 
appeared. 
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Table 4. — Variables , units of measurements , and least measurements used in 
taking the data , and the class intervals used in calculating the coefficients of corre- 
lation 


Sym- 

bol 


Variable 


Units of measure- 
ment and least 
measurements 


Class intervals 


Inbred 


Fi crosses 


A ! Date of tasseling 

B ! Date of silking _ 

0 ; Shrinkage of the harvested ears 

D j Chlorophyll 

E | Plant height 

F ; Nodes per plant 

G N odes below ear 

H I Percentage of nodes below ear 

1 Plants smutted 

J ! Plants erect at harvest _ . - 

K Ears moldy 

L Suckers per 100 plants 

M I Plants with 2 or more ears 

N i Ears per plant ... 

O I Ear length .... 

P ! Ear diameter ... 

Q Ear-shape index (diameter -5-length) 

R | Kernel rows per ear 

S ; .Shelling percentage— ... 

T Coefficient of variablity of number of kernel 


1 day 

do 

1 per cent. J 

1 grade 

0.5 foot 

Actual number 

do 

1 per cent 

do 

do 

do 

Actual number 

1 per cent 

Actual number 

0.1 cm 

do 

0.001 

Actual number 

1 per cent 

0.1 per cent 


I day 

do__ 

2.3 per cent 

0.3 grade 

0.6 foot 

0.5 node 

0.3 node 

2.2 per cent 

5.1 per cent 

II per cent 

8.2 per cent 

7.2 suckers 

9 per cent 

0.09 ear 

0. 9 cm 

0.210 cm 

0.025 

0.8 row 

2.1 per cent 

1.6 per cent 


Vi day. 

% per cent. 


0.5 foot. 

0.8 node. 

0.5 node. 

2.2 per cent. 

5.1 per cent. 
11 per cent. 

0 per cent. 

7.2 suckers. 

2.5 per cent. 
0.09 ear. 

0.1 cm. 

0.15 cm. 
0 . 020 . 

1 row. 

1.05 per cent. 


rows. 

X Yield 

Y i Mean yield of crosses. 


0.2 pound 

0.01 pound 


0.7 pound 

0.45 


0.7 pound. 


Data on chlorophyll grade were taken on the inbred lines only. 
Five arbitrary color grades were established. These grades were 
numbered 1 to 5, inclusive, grade 1 being the darkest color and grade 5 
the lightest. Each replication of the inbred lines was graded. The 
average of the grades given the three replications was taken to repre- 
sent the line. 

Plant height was determined by measuring several representative 
plants in the row. The mean of these measurements then was com- 
puted. 

Nodes per plant were the means of the numbers of nodes above the 
surface of the ground for the first 10 plants in the row. Nodes below 
ear were determined in a similar manner. When there were two ears 
the number of nodes was determined to the upper ear. The percent- 
age of nodes below the ear was computed from these, data. 

Plants smutted, plants erect at harvest, ears moldy, suckers per 
100 plants, plants with two or more ears on the main stalk, and ears 
per plant are self-explanatory. They were determined from the total 
counts for all replications. 

Data on shrinkage of the harvested ears, ear length, ear diameter, 
ear-shape index, number of kernel rows per ear, and shelling percent- 
age were obtained from the drying samples taken from each plot at 
harvest. These data were taken only on the inbred lines and on the 
Vi crosses compared in 1926. 

The coefficient of variability for kernel rows per ear was determined 
for the inbred lines only. 

COMPUTATION OF COEFFICIENTS OF CORRELATION 

All of the coefficients of correlation of the zero order, the partial 
correlations, and the multiple correlations were calculated according 
to the methods suggested by Wallace and Snedecor (11). The com- 
putations were carried to two more plades than those reported. 

77747 — 29 4 
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The class intervals shown in Table 4 were used in calculating all of 
the coefficients of correlation except where otherwise stated. Shep- 
pard's correction was not used to correct for the fact that the data 
were coded. 

ADJUSTING FOR HETEROGENEITY OF DATA 

Inbred lines from 14 varieties have been included in the present 
experiments. Some of these varieties differ widely in practically all 
of the characters studied. In order to group the inbreds from all 
of these varieties into the same correlation tables, it was necessary to 
adjust for heterogeneity of material. The method finally adopted 
was to express the value for any character in an inbred line as a devia- 
tion from the mean value of that character in all lines of the variety 
from which the given line originated. The writer is not entirely 
satisfied that this is the best method that could have been used. 
It may be that expressing the value of a character of any line as a 
percentage of the mean of that character in all of the lines from the 
same variety would have been more desirable because it would have 
given more weight to deviations from small means. The method used, 
however, measures without distortion the average tendency of the 
variously paired characters toward concomitant variation around the 
means of the different parent-varietal groups. 

The same general method was used with the F r crosses grown in 
1926, the only ones within which correlations were computed. The 
parent lines of these crosses had been grouped into three more or less 
uniform groups (white, early yellow, and late yellow). The mean of 
each character for each group therefore was determined, and the 
characters of each Fi cross were then expressed as deviations from the 
mean of the group in which that cross occurred. 

COEFFICIENTS OF SIMPLE CORRELATION WITHIN INBRED LINES 

For convenience in studying the interrelations among the different 
variables, they have been divided into seven groups of more or less 
related characters. Except where otherwise stated, the same grouping 
has been maintained in all of the correlation studies reported. These 
groups are described as follows: 

Group 1 . — Characters indicating the relative length of season required to reach 
maturity, comprising date of tasseling, date of silking, and shrinkage of the 
liar vested ears. 

Group 2 . — Characters indicating the relative vigor and size of the plants in the 
different lines and crosses, comprising chlorophyll grade, plant height, nodes per 
plant, nodes below the ear, and percentage of nodes below the ear. 

Group 3 . — Characters indicating the relative* susceptibility to disease of the 
different lines and crosses, comprising plants smutted, plants erect at harvest, and 
ears moldy. 

Group 4 . — Characters indicating the relative branching habits of the plants, 
comprising suckers per 100 plants, plants with two or more ears, and ears per 
plant. 

Group 5 . — Characters of the harvested ears, comprising ear length, ear diam- 
eter, ear-shape index, kernel rows per ear, and shelling percentage. 

Group 6*. — The coefficient of variability of number of kernel rows, which may 
be taken as an index of the heterozygosity of the parent inbred lines. 

Group 7. — Yield. In some of the parent-progeny correlations the mean yield 
of all crosses for the parent lines was placed in this group. 

The coefficients of simple correlation among the different characters 
studied in the inbred lines are shown in Table 5. Coefficients which 
are, three or more times their probable errors are considered significant 
ana are printed in boldface type. 
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Of the 210 coefficients of correlation in Table 5, 65 may be considered 
significant statistically, as judged by the fact that they are three or 
more times their probable errors. A summary of the positive and 
negative relations among the different variables, as indicated by the 
significant coefficients of correlation in Table 5, is given. 

All of the coefficients in Table 5 are between plant or ear characters 
in the same generation. Their size, therefore, affords an approximate 
measure of the relative ease with which various combinations of 
characters could be obtained by selection. It is common knowledge 
among corn breeders, however, that inbred lines tend to breed true 
in successive generations. This tendency, which has been shown 
quantitatively by Hayes (#), gives to these coefficients much of the 
significance of parent-progeny correlations. 

The most interesting correlations shown in Table 5 are those with 
yield of the inbred line. The highest positive correlation of yield 
with another variable was that of 0.39 with shelling percentage. The 
other characters which were significantly and positively correlated 
with yield were ear length (0.38), ear diameter (0.32), ears per plant 
(0.31), and plant height (0.20). The characters which were signifi- 
cantly and negatively correlated with yield were shrinkage of the 
harvested ears ( — 0.27), date of silking (- 0.26), chlorophyll grade 
( — 0.21), and ear-shape index ( — 0.17). The first two of these 
negative correlations indicate that late maturity was associated with 
low yields. Within inbred lines late maturity often is due to a general 
lack of vigor resulting from the presence of deleterious characters. 
It is possible that the low yields may have been due to reduced vigor 
as reflected in late maturity rather than to inherent lateness alone. 
The negative correlation with ear-shape index indicates that the 
larger yields comprised relatively long, slender ears. It should be 
remembered that grade 1 of chlorophyll was the darkest green and 
grade 5 the lightest. The negative correlation here, therefore, indi- 
cates that the dark-green plants were higher yielding. 

Date of tasseling and date of silking were significantly and posi- 
tively correlated with shrinkage of the harvested ears, plant height, 
nodes per plant, nodes below ear, and plants with two or more ears. 
The correlation between date of tasseling and shrinkage was 0.37, 
and that between date of silking and shrinkage was 0.46. This indi- 
cates that date of silking was a better index of relative maturity 
among these inbred lines than was date of tasseling. 

The percentage of plants erect at harvest was correlated signifi- 
cantly and negatively with three variables. The highest correlation 
was that with ears moldy. It naturally would be expected that those 
lines in which a large number of the plants were down, with many of 
the ears resting on the ground, would have more moldy ears than 
lines with erect plants. 

Ear-shape index was correlated significantly and positively with 
shrinkage of the harvested ears, ears moldy, ear diameter, and kernel 
rows per ear, and was significantly and negatively correlated with 
ears per plant and ear length. The correlations with ear length, ear 
diameter, and number of kernel rows naturally would be expected. 
Those with ears moldy and with shrinkage of the harvested ears 
indicate that the relatively short, thick ears were more inclined to be 
moldy and that they shrank the most. 
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COEFFICIENTS OF PARTIAL AND OF MULTIPLE CORRELATION 
WITHIN INBRED LINES 

Coefficients of partial correlation between yield and other charac- 
ters of the inbred lines were determined for most of the variables in 
Groups 1, 2, 3, and 5. The percentage of nodes below the ear was 
omitted from Group 2, and ear-shape index was omitted from Group 
5, as they are both ratios, and partial correlations involving them are 
likely to be misleading. All of the characters in Group 4 and kernel 
rows per ear in Group 5 also were omitted. 

Partial correlations were computed between each character of each 
group and the yield of the inbred line, thus eliminating the effect of 
the variation of the remaining characters of the group. The coeffi- 
cients of multiple correlation for yield and all of the characters in each 
group also were computed. These correlations are recorded in 
Table 6. 

Table 6. — Coefficients of partial and of multiple correlation between yield and four 
groups of the other characters of the inbred lines 


Group 

No. 

j Designation of coefficient 

Coefficients of 
correlation 


tax.ch 

0. 11 ±0.00 


tbx.ac . 

-. 18dt .Ofi 



-. 18± . Ofi 


. Rx.abc .. . 

. 33± . 05 


[ TTiXKFG - 

— . 17rt .06 


TKX.DFO 

. 17 ± .06 


tfx.dk a -- 

-.09± .06 


1 Tqx.DKF 

. 10d= .06 


. Rxdkfo. 

.30=b .05 


Group 

No. 

Designation of coefficient 

c | 

tix.jk 

TJX. IK - - 

TkX.IJ - 

Rx.uk 


rox.rs- 

T PX.OS 

Tax. or.- - 


Rx.ors .... : 

1 

Rx.A bCDKFOKMOVS 


Coefficients 
of correlation 


- 0 . () 8 ± 0 . 00 
. 05± .00 
1S± .00 

. 1 *± .00 


.31± .00 
. 17=fc .00 
. 3 1 =fc .00 


.S2± .04 
. 09 dr . 03 


The ear characters (Group 5) were most highly correlated with 
yield. This was to be expected, as these characters represented the 
physical description of the ears constituting yield itself. The corre- 
lation between yield and the group of characters indicating relative 
disease susceptibility (Group 3) was the lowest. There was but 
little difference between the multiple correlations for yield with 
characters of the remaining two groups. The multiple correlation 
between yield and 12 of the other characters, 0.69 ±0.03, also is 
recorded in Table 6, 

Of the characters in Group 1, date of tasseling (A) was positively 
though not significantly correlated with yield, and date of silking 
(B) and shrinkage of the harvested ears (C) each were negatively 
and significantly correlated with yield, when the remaining characters 
of the group were held constant. 4 


i The term “held constant" is used throughout in the sense that the effect of the variation has been 
eliminated. 
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It is interesting to speculate as to why date of tasseling gave a 
positive partial correlation with yield, and date of silking a negative 
partial correlation. In order to eliminate any confusing effect of 
the shrinkage of the harvested ears, partial correlations were com- 
puted between date of tasseling and yield for. constant date of silk- 
ing and between date of silking and yield for constant date of tasseling. 
The first of these correlations (r AX B ) was 0.11 ±0.06 and the second 
{vbx.a) was -0.24 ± 0.05. Holding either one of these dates constant 
and permitting the other to vary was equivalent to varying the 
number of days from tasseling to silking. With the date of tasseling 
constant, the later silking plants were those with a longer period 
from tasseling to silking, inasmuch as most of the strains were pro- 
tandrous. According to the negative partial correlation between 
yield and date of silking, these plants yielded somewhat less. Simi- 
larly, with the date of silking constant, the earlier tasseling plants 
are those with a longer period from tasseling to silking, which like- 
wise, according to the positive partial correlation between date of 
tasseling and yield, were less productive. Both of the partial corre- 
lations therefore indicate that a decrease in the number of days from 
tasseling to silking was accompanied by a higher yield. Plants 
which arc decidedly protandrous are difficult to self. The tendency, 
therefore, in selecting in selfed lines of corn is to obtain lines tassel- 
ing and silking more or less simultaneously. These correlations 
indicate that such a tendency is at least not objectionable. 

The partial correlations between yield and two of the characters 
in Group 2 were positive and between yield and two other characters 
in this group were negative. One of the positive and one of the nega- 
tive correlations verged on significance. Plant height (E) was posi- 
tively associated with yield when chlorophyll grade (II), nodes per 
plant (F), and nodes below ear (G) were constant. The partial corre- 
lation of chlorophyll grade with yield was negative when the other 
members of Group 2 were held constant. As noted, this indicates 
hat the darker chlorophyll grades were associated with larger yields. 

Only one of the members of Group 3 was appreciably correlated 
with yield when the other members of the group remained constant, 
and it can not be considered significant. This was ears moldy (K), 
for which a negative partial correlation of — 0.15 ± 0.06 was obtained. 

Significant positive partial correlations were obtained between 
yield and two of the characters of Group 5. The partial correlation 
between ear length and yield for constant diameter and shelling per- 
centage was 0.31 ±0.05, whereas that between ear diameter and 
yield for constant length and shelling percentage was 0.1 7 ±0.06. 
The high partial correlation between shelling percentage and yield 
(0.31 ±0.05) may have been due in part to the poorly filled ears that 
occurred in many inbred lines. 

These correlations indicate that, for the season in which they 
were grown, those inbred lines tended to be higher yielding which 
matured rather early, belonged to the darker chlorophyll grades, 
were relatively tall, produced relatively many ears (few barren plants), 
and produced large ears which were longer, rather than greater in 
diameter, than the average. The ears of the more productive lines 
also had a high percentage of grain. 



Table 7. — Coefficients of simple correlation among various characters within F\ crosses between inbred lines of corn 

[Note, — Coefficients of 0.09 are 3 times their P. E. (probable error), those of 0.12 are 4 times their P. E., those of 0.15 are 5 times their P. E., those of 0.18 are 6 times their P. E. 
those of 0.24 are 8 times their P. E., and those of 0.29 are 10 times their P. E. Coefficients three or more times their P. E. are printed in boldface type] 
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COEFFICIENTS OF SIMPLE CORRELATION WITHIN F x CROSSES 

The coefficients of correlation among the characters within the 
crosses are recorded in Table 7. Coefficients three or more times 
their probable errors are printed in boldface type. The correlations 
in this table were computed from the data on the F x crosses grown in 
1926 and, like those within inbred lines, are among characters within 
the same generation. In all, 461 Fj crosses from the three 1926 yield 
groups are represented in these correlations. 

A larger percentage of the coefficients of correlation in Table 7 are 
significant than of those within inbred lines. This is due principally 
to the larger number of observations, which resulted in smaller prob- 
able errors, rather than to material differences in the actual size of the 
coefficients. Of the 171 correlations recorded, 104 are statistically 
significant in that they are at least three times their probable errors. 
A summary of the data in Table 7 is given, showing which characters 
were correlated significantly either positively or negatively and bring- 
ing out more clearly the interrelations among the different variables. 

The coefficients of correlation of primary interest are those between 
yield and the other characters. In general, yield was correlated 
positively with the characters indicating length of season required 
to reach maturity, plant vigor, and ear size. It was correlated nega- 
tively with the characters indicating the relative susceptibility to 
disease and with ear-shape index. The correlation between yield and 
shrinkage of the harvested ears was negative though not significant. 
This unimportant correlation probably was due to the fact that the 
season of 1926 was ideal for the ripening of the later kinds of corn, 
so that practically all of the crosses matured fully. 

The highest correlation between yield and the other characters in 
the Fi crosses was the correlation of 0.42 with ear length. The 
correlation of yield with ear diameter was 0.25 and that with ear-shape 
index was —0.27. This indicates that although both length and 
diameter, which go to make up size of ear, were correlated positively 
with yield, length of ear was a more important factor in determining 
larger yields than diameter of ear. 

Other interesting relations are brought out in Table 7. In general, 
all of the characters indicating maturity or plant vigor (Groups 1 
and 2) were correlated positively among themselves. Most of these 
characters were correlated negatively with percentage of plants erect 
at harvest and with ear-shape index. Evidently, the tall, vigorous 
plants were more likely to go down before harvest and to have long, 
slender ears. 

Additional evidence that the down plants were those having long, 
slender ears is to be had from (1) the significant positive correlations 
of plants erect at harvest with ear-shape index and ear diameter and 
(2) the significant negative correlation of plants erect at harvest with 
ear length. The correlation already mentioned between ear charac- 
ters and yield indicated that crosses with short, thick ears were less 
productive than those with long, slender ears. This might account 
for their being more erect at harvest, for they were supporting a 
smaller weight of ear. 

In order to determine whether there were any striking differences 
in the coefficients of correlation in the different yield groups, the 
correlations between the different characters and yield were com- 
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puted for each group separately. The coefficients of correlation from 
each of the three experiments and, for comparison, the correlations 
for the three groups combined, are recorded in Table 8. 

Table 8. — Coefficients of correlation between yield and 'the various other characters 
within the different yield groups of crosses grown in 1926 


Coefficient of correlation for the yield group 
indicated 


Character correlated with yield 

90 w’hite 
crosses 

90 early 
yellow 
crosses 

281 later 
yellow’ 
crosses 

All 401 
crosses of 
the three 
groups 
combined 

Date of tasseling „ . . _ . 

0. lOrfcO. 07 

0. 52rb0. 05 

0. 08rb0. 04 

0. 18rb0. 04 

Date of silking 

. llrfc .07 

. 37=b . 00 

. 1 Orb .04 

. lbrb .04 

Shrinkage of the harvested ears 

-. 17rb .07 

. 10=b .07 

— . 08 rb .04 

00 rb .03 

Clant height. 

. 27 rb . 07 

. 09rb .07 

. 40rb .03 

. 33 ± .04 

Nodes per plant - . 

. JGrfc .07 

. 2G± . 07 

. 42rb .03 

. 25± . 04 

Nodes below car. ... . 

. I5db .07 

. 24 =b . 07 

. 37rb .03 

. 31 rb .03 

Percentage of nodes below ear : 

.04± .07 

i — . OOrb .07 

. 05± . 04 

. 03 rb .03 

Plants smutted ...j 

— . 09 ± .07 

20rb . 07 

23 rh .04 

-. 22± . 03 

Plants erect at harvest .. i 

r.i± . 07 

. 22± . 07 

Urb .04 

— . 05 dt .03 

Ears moldy... — j 

28± . 07 

5ft± . Oft 

.01-jt .04 

~. 18± .03 

Suckers per 100 plants i 

.07 

. 14 ± .07 

— . 02rb .04 

.00± .03 

Plants with two or more ears ...... ... ! 

.Olrb .07 

~.01rb .07 

— . 02rb .04 

— 01 rb .03 

Ears per plant . . j 

. 20 rb .07 

. 25± . 07 

. 01 rb .04 

. 09 rb .03 

Ear length _ ............ 

. 4 2d: .06 

.Gl± .05 

. 37rb .03 

. 42rfc .03 

Ear diameter 

. 41 A- .06 

. 44rb .00 

. 13rb .04 

. 25 : t . 03 

Ear-shape index .. . 1 

-.20± .07 

-. 27=b .07 

— . 2Hrb .04 

— . 27 ± .03 

Kernel rows per ear 

. 07rb .07 

. 29 rb . 07 

-. lftdb . 04 

— . 02rb .03 

Shelling percentage . . . ! 

. 50rb .00 

. 49rL .05 

. 20± . 04 

. 31 ± .03 


For the most part the coefficients of correlation between the various 
characters and yield (Table 8) are fairly consistent in the different 
yield groups. They vary somewhat in size in the different experi- 
ments, but in only a few cases are they significant and positive in 
one group and significant and negative in another. The correlation 
between yield and the percentage of plants erect at harvest is positive 
in the early yellow crosses and negative in the late yellow crosses. 
It is negative also in the white crosses, but is not significant. No 
explanation can be offered for this fact. 

Practically the same situation is true for the correlation between 
kernel rows per ear and yield. It is positive in' the early yellow 
crosses and negative in the later crosses; that is, high yield was 
associated with the higher rowed sorts of the early corn and the 
fewer rowed sorts of the later corn. A possible explanation for this 
may be found in the fact that the mean numbers of kernel rows 
were 13.4 for the early yellow crosses and 16.4 for the late yellow 
crosses. Both correlations therefore point to a type intermediate 
between these groups as better suited to the conditions at Ames in 
1926. This explanation is supported by several other correlations, 
which indicate that late maturity and large ear size were of more 
importance in determining high yield in the two groups of early 
crosses, where the ear size was relatively small, than in the group of 
later crosses with their correspondingly larger ears. Date of tassel- 
ing, date of silking, ears per plant, ear length, ear diameter, and 
shelling percentage were correlated more highly with yield in the two 
groups of early crosses than in the group of late crosses. 

Ears moldy also were correlated with yield more highly in the two 
groups of early crosses than in the group of late crosses. 
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COEFFICIENTS OF PARTIAL AND OF MULTIPLE CORRELATION 

WITHIN Fi CROSSES 

Coefficients of partial and of multiple correlation were computed 
from the data on the Fi crosses for the same four groups of variables 
that were used within the inbred lines (p. 694). Chlorophyll grade, 
however, was omitted, as no data on this were taken in the F x crosses. 
These correlations for the Fi crosses are recorded in Table 9. 

Table 9. — - Coefficients of partial and of multiple correlation between yield and four 
groups of the other characters of the F i crosses 


Group 

No. 

Designation of coefficient 

] 

[r.ixac • 

jrsx.xc i 


Iftx.xac- --! 

1 

( tex-po j 

2 

{r<?x.xf - 


li?x. EFG 


Coefficients of 
correlation 

i 

Group 

1 No. 

I 

j 

Designation of coefficient 

Coefficients 
of correlation 

0. 10±0. 03 

1 

f tix.jk 

“0. 17±0. 03 

. 05 db . 03 

i 

I TJX. Ik 

— . 09 ± .03 

i 11± . 03 

j 3 . 


— . 14d- . 03 

| . 21rfc .03 

j 

[i^X./JX 

,2G=b .03 

j . 23± . 03 


Uox.rs - 

. 53 ± .02 

! . 1 2db .03 

j 

Jrpx.os 

.29rt .ff3 

. 00± .03 

; 5 

\ r.<* x .rt /> 

. 33 ± .03 

.41± .03 


li?x.ox.s- - - 

. 01 db .02 


j 

Rx.abkfgikopr. j 

. 71 =t .02 


As was true for the inbred lines, the multiple correlation computed 
between the group of ear characters (Group 5) and yield was the 
highest of the multiple correlations. The multiple correlation 
between yield and the group of characters indicating plant vigor 
and size (Group 2) also was high. The remaining two groups of 
characters were significantly correlated with yield, though the cor- 
relations were much lower. The coefficient of multiple correlation 
between 10 of the characters studied and vield (Table 9) was 
0.71 ±0.02. 

The partial correlations in Group 1 were low, although two of 
them were significant. The partial correlation of yield with date of 
tasseling (A) was positive and significant but low, and that with date 
of silking (B) was not significant. In the inbred lines the partial 
correlation between yield and date of silking was negative and 
significant. The partial correlation between shrinkage of the har- 
vested ears and yield, for constant dates of tasseling and of silking 
(?cx.ab), was significant although somewhat low. 

In Group 2, which was composed of characters indicating plant 
size and vigor, the partial correlation of yield with each variable was 
positive. That between plant height and yield ( r EX .Fo ) was the 
highest. The partial correlation between nodes below ear and yield 
( Tcx.ef ) was too small to be considered significant. 

The partial correlations between yield and the characters indi- 
cating relative susceptibility to disease (Group 3) were negative. 
Two of them were significant, and one, between plants erect at 
harvest (J) and yield, probably was not significant. 

AH three of the partial correlations between yield and the ear 
characters in Group 5 were positive and significant statistically. 
Moreover, they were all higher than the partial correlations between 
yield and any of the other characters studied in the F x crosses. 
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These correlations indicate that for the season of 1926 those crosses 
were on an average most productive which tasseled and silked rather 
late, were comparatively tall, had a relatively large number of nodes 
per plant, were comparatively free from smutted plants and moldy 
ears, produced relatively many ears (few barren plants), and pro- 
duced large ears which were longer, rather than greater in diameter, 
than the average. The ears of the more productive crosses also had 
a high percentage of grain. This is in agreement with the results 
obtained within inbred lines, except that early maturity was associated 
with productivity within the inbred lines. 

CORRELATIONS BETWEEN CHARACTERS OF INBRED PARENTS 
AND THOSE OF THEIR CROSSES 

The coefficients of correlation between inbred parents and Fx 
crosses could be computed for three different relations, (1) that be- 
tween the characters of the F l cross and those of each parent sepa- 
rately, (2) that between the characters of the Fx cross and the mean 
value of these characters in the two parents, and (3) that between 
the characters of the inbred parent and the mean value of these 
characters in all of their crossbred progeny. 

Under the first method of computing the coefficients of correlation 
the Fj crosses would be paired first with one parent and then with the 
other. Each cross, therefore, would appear twice in a correlation 
table. Under the second method each Fj cross would be paired with 
the mean value for its two parents and appear in a correlation table 
only once. It appeared that there should be a definite relation 
between the coefficients calculated by the first two methods. Inves- 
tigation showed that, if there is no correlation between the two 
inbred parents of the F t crosses, then r 2 = r l ^ l 2, where r\ is the corre- 
lation with each parent and r 2 is the correlation with the mean of the 
two parents. 

In the present material each inbred line was crossed with enough 
of the other lines within its group to eliminate practically any possi- 
bility of correlation between the parents. The coefficients of corre- 
lation between the characters of the Fi crosses and those of each 
parent separately could be calculated easier than could the corre- 
lations with the mean value of these characters in the two parents. 
Accordingly, the former correlations were calculated first and the 
latter were computed by multiplying by V2. 

COEFFICIENTS OF CORRELATION FOR INDIVIDUAL CROSSES WITH THEIR PARENTS 

The coefficients of correlation between the different characters in 
the Fi crosses and the same characters in the parent lines are shown 
in Table 10, the correlations with each parent separately and those 
with the parental means being in parallel columns. 

The correlations were positive and significant in every case. The 
highest correlation was for percentage of erect plants, although 
high correlations also were obtained for kernel rows per ear, nodes 

f )er plant, nodes below ear, and percentage of nodes below ear. The 
owest correlation obtained was for }deld. The squared coefficients 
measure the portion of the variance for the different characters in the 
crosses that is associated with variation in the parent lines. They 
therefore indicate those characters for which selection in the parent 
lines will be more and less effective in determining the type of the 
crosses. 
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Table 10. — Coefficients of correlation between characters in h\ crosses and the same 
characters in the parental inbred lines 

(1926 comparison of crosses] 




Coefficients of corre- 



Coefficients of corre- 



lation 



lation 

Sym- 




Sym- 




Character 



bol 

Character 





With each 

With the 



With each 

With the 



parent 

parental 



parent 

parental 



separately 

means 



.separately 

means 

A 

Date of tasseling.,. 

0. 31±0. 02 

0. 43±0. 03 

K.-._ 

Ears moldy 

0. 22d=0. 02 

0.31 ±0.03 

B..__ 

Date of silking 

. 24± . 02 

. 34± . 03 

L 

Suekers i>er 100 

. 39± . 02 

. 50± . 02 

C 

Shrinkage of the 

. 25d= . 02 

.35 dt .03 


plants. 


-1 


harvested ears. 



M — 

Plants with two or 

. 18± . 02 

. 25± . 03 

E_._- 

Plant height.. 

.32± .02 

. 45± . 03 


more ears. 



F. 

N odes per plant 

I ,42± .02 

. 00± . 02 

N 

Ears per plant 

. 26± . 02 

.3«± .03 

G 

Nodes below ear . . - 

. 42± . 02 

. eo=fc . 02 

O 

Ear length 

. 30dz .02 

. 43db .03 

II 

Percentage of nodes 

. 41± .02 

. 58i .02 

P 

Ear diameter 

. 35± . 02 

.49.4: .03 


below ear. 



Q ..... 

Ear-shape index 

. 34± . 02 

. 48dt .03 

I 

Plants smutted 

. 17± . 02 

. 24 dt . 03 

R 

Kernel rows per ear . 

. 47=fc .02 

. 67 ± .02 

J 

Plants erect at har- 

. fildfc .02 

. 72± . 02 

S 

Shelling percentage. 

. 39 ± . 02 

. 554: . 02 


vest. 



X— _ 

Yield 

14i .02 

. 20± .03 


Table 11 . — Coefficients of correlation between yield in h\ crosses and various 
characters in the parental inbred lines 

[ 1926 comparison of crosses] 


Sym- 

bol 

Characters in the 
inbred parent 
with which yields 
of t he crosses were 
correlated 

Coefficients of corre- 
lation 

Sym- 

bol 

Characters in the 
i fibred p a r e n t 

with which yields 
of the crosses were 
correlated 

Coefficients of corre- 
lation 

With each 
parent 
separately 

With the 
parental 
means 

With each | 
parent i 
separately 

With the 
parental 
means 

A 

Date of tasseling.. . 

0. 124:0. 02 

0. 174:0. 03 

K 

Ears moldy 

—0.074=0.02 - 

-0.10dz0.03 

U ... 

Date of silking 

. 10± .02 

. 134= .03 

L. ... 

Suckers per 100 

.o:*± .02 

. 044= .03 

C.— 

Shrill kage of the 

.054: .02 

. 074= .03 


plants. 




harvested ears. 



M... 

Plants with t wo or 

.074= .02 : 

. l()dt . 03 

E 

Plant height 

. 13 dt .02 

! . 194= . 03 


more ears. 



F 

Nodes per plant 

. 174: .02 

i . 24=fc . 03 

' N 

Eais pei plant 

.084= .02 1 

. 124= .03 

G 

Nodes below ear 

. 144: -02 ! 

i . 204= . 03 

: O 

Ear length 

.iii . 02 I 

. 10± .03 

II 

Percentage of nodes 

-.054: .02 

— 08± .03 

i P 

Ear diameter 

.094= .02 

. 13d: .03 


below ear. 

, 


Q - 

Ear-shape index 

-. 10=fc .02 - 

-.144: .03 

I- 

Plants smutted . . j 

— . 064: .02 ; 

— . 09rfc. 03 

R 

Kernel row's per ear 

.004= .02 - 

-.014: .03 

J-.-- 

Plants erect at bar- 1 

-.044: .02 I 

— . 064= .03 

S i 

i Shelling percentage. 

.074= .02 , 

. 10± .03 


vest. ! 

| 


x 1 

Yield 

. J4± .02 

. 20 d- .03 


Table 11 shows the coefficients of correlation between yields in the 
Fj crosses and various characters in the inbred parents. 

The correlations in Table 1 1 are much lower than those in Table 10, 
as is to be expected. Those characters in the inbred parents which 
were correlated most highly with yield in the F 2 crosses, in the order 
of their size, were nodes per plant, yield, nodes below ear, plant height, 
date of tasseling, and length of ear. These characters are approxi- 
mate measures of vigor and size in the inbred plants. As the corre- 
lations were positive, the larger, more vigorous inbreds produced 
the higher yielding crosses. 

COEFFICIENTS OF CORRELATION FOR INDIVIDUAL PARENTS WITH MEANS OF THEIR 

CROSSES 

Coefficients of correlation between the characters of each inbred 
parent and the mean yield of all of its crossbred progeny are shown 
m Table 12. Correlations between the characters in the inbred 
parents and the mean values of the same character in the crossbred 
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progeny are shown in Table 13. In computing the coefficients in 
Table 12, the mean yield of all crosses of each inbred line first was 
determined. These means then were adjusted for heterogeneity by 
the method already described (p. 690). The coefficients in Table 13 
are reported separately for the five different yield groups. No adjust- 
ments were made for heterogeneity within a group. 

The coefficients of correlation between characters in the parental 
inbred lines and the mean yield of the crossbred progeny (Table 12) 
are shown for the crosses compared in 1926 after the parents had 
been selfed for three generations, for those compared in 1927 after 
the parents had been selfed for four generations, and for both groups 
combined. The correlations for the crosses made after four genera- 
tions of selling are no more significant than those for the crosses 
made after three generations of selling, although several of the 
coefficients differed markedly in the two seasons. 


Table 12. — Coefficients of correlation between the various characters in the inbred 
parents and the mean yield of their crossbred progeny 


Coefficients of correlation for the 
groups indicated 


Character in parent correlated with mean yield of crossbred progeny 

; Crosses 

C losses 

Both 


compared 

compared 

groups 


; in 1020 | 

in 1027 

combined 

Date of tasseling 

(). 23+0. OK : 

-0. 04+0. 00 

0. 15+0.00 

Dale of silking 

. i:.=l .os 

-.08+ .00 

.07+ .00 

Shrinkage of the harvested ears 

. 24+ . OK ! 

.05+ .00 

. 10+ .00 

Chi orop h y 1 1 grade 

-.07+ .OK I 

~. 11+ .00 

-.08+ .00 

Plant height 

.10+. 08 

. 32+ . OK 

.21+ .00 

N odes per plant . . . . - 

j . 29+ . 07 ! 

. 28+ . 08 

. 28+ . 05 

Nodes below ear . . . .. _ 

. 24+ . OK ! 

. 22+ . 08 

.22+ .00 

Percentage of nodes below ear . 

— . 04 + .08 

.03+ .00 

-.01+ .00 

Plants smutted 

-. 14+ .08 

-.03+ .00 

-.11+ .00 

Plants erect at harvest . — 

-.04+ .OK ; 

. 11+ .00 

.01+ .00 

Ears nioldv 

13+ .OK 

.05+ .00 

; -.08+ .00 

Suckers per 100 plants . .. . 

i .02+ .OK i 

- . 13+ . 00 

; -.02+ .oo 

Plants with two or more ears . .. 

.20+ ,0K ; 

.12+ . 00 

i .17+ .00 

Ears per plant 

.20+ .OK 1 

.08+ .00 

1 .10+. 00 

Ear length 

.10+ .08 

-. 23+ .08 

I .02+ .00 

Ear diameter.. - 

1 .23+ .08 1 

-.13+ .00 

. 10+ . 00 

Ear-shape index 

-.00+ .08 

.07+ .00 

; -.04+ .oo 

Kernel rows per ear ■ 

' . 13+ . OK ! 

-.04+ .00 

.07+ .00 

Shelling percentage - — 

. 10+ .08 i 

-.11+ .00 

.08+ .00 

Coefficient, of variability of number of kernel rows 

. 10+ .08 

.00+ .00 

.10+ . 00 

Yield.. 

.32+ .07 : 

• . 12+ .00 

. 23+ . 00 


In 1926 there was a late fall. This was advantageous to the 
crosses requiring a longer season. In 1927, however, there was an 
early frost, which was disadvantageous to the later maturing crosses. 
All of the discrepancies between coefficients for the two seasons 
occurred in those characters which indicate large-sized ears and late 
maturity, such as date of tasseling, date of silking, shrinkage of the 
harvested ears, ear length, ear diameter, kernel rows per ear, and 
shelling percentage. Most of these characters were positively 
correlated with mean yield of crosses in 1926 but correlated either 
negatively or not significantly in 1927. 

A few of the characters, such as plant height, nodes per plant, 
nodes below ear, plants with two or more ears, and yield of the 
inbred parent, were significantly correlated with mean yield of 
crosses m both groups, separately and combined. Yield of the 
inbred lines showed the highest positive correlation with mean yield 
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of crosses in 1926, a positive correlation in 1927, and the second 
highest positive correlation of both years combined. The highest 
positive correlation for both groups combined was that for nodes per 
plant with yield. 

The coefficients of correlation between characters in the parental 
inbred lines and the mean value of the same character in their cross- 
bred progeny (Table 13) are the highest correlations that were 
obtained in this study. In fact, many of them are high enough to 
be very valuable for' predictive purposes. This, of course, is aug- 
mented by the fact that the means of the crosses were used, thereby 
smoothing out much of the random variation. The fact that the 
data were not adjusted for heterogeneity within the different yield 
groups may account for part of the size of these correlations. V arietal 
differences, however, can not account for the high correlations in 
the white crosses grown in 1926. In this group, 16 inbred lines 
were represented in the correlation studies. Three of these lines were 
from Silver King corn and the remaining 13 were from Four-County 
White. These two varieties are very closely related, Four-County 
White being practically a selected strain of Silver King. As the 
correlations for this group are higher, in general, than those for the 
other groups, heterogeneity seems to have been a factor of little 
importance. 

Table 13 . — Coefficients of correlation between characters in the inbred parents and 
the means of the same characters for all of their crossbred progeny , as computed 
for each of the five different yield groups 


Coefficients of correlation in the yield group indicated 


Character 


White 

crosses, 

1926 


Early 

yellow 

crosses, 

1926 


Date of tasseling 

Date of silking 

Shrinkage of the harvested ears 

Plant height 

Nodes per plant 

Nodes below ear 

Percentage of nodes below ear 

Plants smutted 

Plants erect at harvest 

Ears moldy 

Suckers per 1 00 plants 

Plants with two or more ears 

Ears per plant 

Ear length 

Ear diameter * 

Ear-shape index . 

Kernel rows per ear 

Shelling percentage 

Yield 


0. 86±C 

1.04 | 

. 

0. 71db0 

L 08 

. 80rfc 

.00 

.52± 

.11 

. 78± 

.06 

. 71dfc 

.08 

.52 =fc 

.12 1 

. 63=fc 

.09 

. 89rb 

.03 

. 86db 

.04 

.8 1± 

.06 ; 

. 75=fc 

.07 

.58± 

.11 

. 89± 

.03 

.H0± 

.06 

.24± 

.15 

. 77d= 

.07 ! 

.79± 

.06 

. 46rb 

.13 ! 

. 66± 

.09 

. 69db 

.09 ; 

. 88rb 

.04 

. 77=t 

.07 ; 

. 32=b 

. 14 

. 40rfc 

. 14 

. 59dL 

.10 

. 37dr 

. 14 

.G7=b 

.09 

. 98± 

.01 | 

. 78rb 

.06 

. 47rb 

.13 ; 

. 19=h 

.15 

. 85± 

.05 - 

. 92± 

.02 

. 82db 

.05 

. 50=fc 

.12 

. 67± 

.09 j 

. 64± 

.09 


White 

crosses, 

1927 


Yellow 

crosses, 

1927 


Later 

yellow 

crosses, 

1926 


0. G5±0. 06 
. 69± . 07 
.62± .07 
. 63 dr . 08 
. 64± . 07 
. 72rfc . 05 
. 7 5 dr . 05 
. 69± . 06 
.88± .03 
. 25± . 11 
. 78db . 04 
. 59± . 07 


0 . 28±0. 19 
.45=fc .16 
. 36± .18 
. 59=b . 13 


0 . 61 ±0. 06 
. 56rfc . 06 
. 60dr .07 

. 60zb .06 








. 59± . 13 
. 65± . 12 

. 41rt .08 
. 24db .09 




. 58=fc . 07 
. 80± . 04 
. 71± . 06 
.85=b .03 
. 88± .03 


.69± 
. 25± 


, 00 . 82± . 07 
.11 . 41rfc . 17 


. 14d= .09 
. 45db . 07 


Most of the coefficients in Table 13 are significant. They are all 
positive and of sufficient size to indicate that the characters of the 
inbred lines were very definitely expressed in their crossbred progeny. 
The high correlations ip Table 13 emphasize the advantages to be 
gained by using the mean of several crosses as a criterion of the value 
of an inbred line. 
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COEFFICIENTS OF PARTIAL AND OF MULTIPLE CORRELATION BETWEEN CHARAC- 
TERS OF INBRED PARENTS AND MEAN YIELDS OF THEIR CROSSBRED PROGENY 


Coefficients of partial and of multiple correlation, similar to those 
computed within the inbred lines and within the crosses, were cal- 
culated for four groups of characters of the inbred parents with the 
mean yields of their crossbred progeny. The groups were the same 
as in the correlations within inbred lines, except that yield of the 
inbred parent was substituted for chlorophyll grade in Group 2 
(p. 090). The partial and multiple correlations computed are re- 
corded in Table 14. 


Table 14 . — Coefficients of partial and of multiple correlation for four groups of 
characters of the inbred parents and the mean yields of their crossbred progeny 


Group 

No. 

Designation of coefficient “ 

Coefficient of j 
correlation j 

Group 

No. 

Designation of coefficient a 

Coefficient of 
correlation 



! 0. 2(hfc0.0(> | 



—0. I4±0. 06 


I r hy'.ac .. . 

1»± . 06 ! 


1 Tjy'.IK- - 

-05± .06 

1 


j . i»o± . or. 



— . 14-)- . 06 


l /?>'. ABC- - . 

.3J=fc .05 

| j 


1 Ry'.ijk 

. 20± .06 


r by' .fo x 

i — .07± .06 1 


(toy' /'s 

. 10rt . 00 


ryy'.Kax .. - 

• 22-fc . 00 [ 


Ircv'.otf . 

. I0± . 00 

i 

T(jY BF x . . . . 

. 03d. .00 

5 

•JLSi ' o/'. . - 

1 . 12dh .00 

i 

rxv'.KFa 

! . 31 ± .0f> 




1 


1 


1 tty'. ors ....... - 

. 28 ± . 00 

i 

Ky'kfux 

. 42-fc .05 



I 


<* V symbolizes the mean yields of the crossbred progeny. 

The highest of the multiple correlations (0.42; was for mean yield 
of the crossbred progeny with the members of Group 2, the characters 
of the inbred parent indicating plant vigor and size. The second 
highest multiple correlation was between yield and the characters 
in Group 1. The multiple correlation between yield and the char- 
acters in Group 5, which was the highest both within the inbred 
lines and within the Fi crosses, was not so important here. 

Few of the coefficients of partial correlation between mean yield 
of crosses and the characters in the different groups with the remain- 
ing characters in the group held constant can be considered signifi- 
cant. Two of the coefficients in Group 1, r AY ^c and r CYAn , were posi- 
tive and significant and one, r BY . AC , was negative and* not significant. 
The positive partial correlation for date of tasseling with mean yield 
of crosses and the negative partial correlation for date of silking 
with mean yield of crosses, the other characters remaining constant, 
are in agreement with the partial correlations within the inbred lines 
and indicate that a negative relation exists also between number of 
days from tasseling to silking in the inbred parents and the mean 
yield of their crosses. 

Two significant partial correlations were obtained in Group 2. One 
of these was between number of nodes per plant (F) and mean yield 
of crosses (Y) and the other was between yield of the inbred line (X) 
and the mean yield of crosses, each with the other characters in the 
group constant. The partial correlation for yield of the inbred line 
with mean yield of crosses for constant plant height, nodes per plant, 
and nodes below ear indicates that, when size of plant remains con- 
stant, approximately 10 per cent of the variation in the mean yield 
of crosses is associated with variation in yield of the parent line. 


77747 — 29 6 
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None of the partial correlations for mean yield of crosses and the 
characters in Group 3 and 5 were significant. Inasmuch as all of 
those for Group 3 were negative they probably indicate that sus- 
ceptibility to disease in the parent lines tended to be associated with 
the lower mean yields of crosses. Inasmuch as all of the coefficients 
offpartial correlation for Group 5 are positive, they probably indi- 
cate that large-sized ears in the inbred lines tended to be associated 
with the higher mean yields of crosses. 

PREPOTENCY AMONG THE INBRED LINES 

The coefficients of correlation between parents and progeny meas- 
ure the general tendency of these classes toward resemblance in the 
characters studied. These correlations, however, fail entirely to 
show the important variation in prepotency that occurs among the 
inbred lines. As here used, prepotency denotes the capacity of a 
parent line to impress upon its F x crossed progeny certain character- 
istics, regardless of whether these characteristics are expressed in the 
parent or not. Variation in prepotency can be shown only by de- 
tailed data on the parents and their crossbred progeny. Such data 
are given in Tables 15 to 26. These are selected for presentation as 
characteristic of the experiments as a whole. 

The experiment for the comparison of inbred lines in 1926 was con- 
ducted on more productive soil than that for the comparison of 
crosses in 1926. The season of 1927 was so much less favorable for 
corn production than that of 1926 that the acre yields of many of the 
crosses grown in 1927 were actually less than the yields of some of 
the better inbred lines grown in 1926. For these reasons, the data 
on the inbred parent lines, though comparable inter se are not com- 
parable with the data on the crosses. 

PRODUCTIVENESS 

The data on the yields of the F x crosses in the 1926 and 1927 com- 
parisons of crosses and the yields of the inbred parent lines are shown 
for the various yield groups in Tables 1 5 to 19. Because of differences 
in season and soil productivity these yields are not comparable from 
table to table. 

The crossing-block numbers of the parent lines are shown along 
the top and left sides of the tables. The yield of each cross is recorded 
at the intersection of the appropriate row and column. The mean 
yields of the crosses of each parent line and the yields of the parent 
lines themselves are recorded in rows and columns along the right 
and lower margins of the tables. 

The correlations between the yields of the inbred parents and the 
mean yields of their F x crosses, as given in Table 13, for the five yield 
groups in Tables 15 to 19, inclusive, were: 0.67 ±0.09; 0.64 ±0.09; 
0.25 ±0.11; 0.41 ±0.17; and 0.45±0.07. The correlations for Tables 
15, 16, and 19 are significant, and those for Tables 17 and 18 are not 
significant. These correlations indicate a relation between the 
yields of the parents and the mean yields of their crosses. They do 
not bring out, however, the way in which certain lines impress upon 
their crosses a consistency in productiveness. 
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Table 15. — Yield per row ( pounds ) of the F x crosses between inbred lines from 
varieties of white corn compared with yields of the parent lines 

[1926 comparison of crosses. P. E. (probable error) of the difference between the yields of any two parent 
lines, ±0.460; P. E. of the difference between the yields of any two Fi crosses, ±0.627; P. E. of the dif- 
ference between means of 9 crosses, ±0.192, and between means of 10 crosses, ±0.182]- 


No. of parent 
line 



Crossing-block Nos. of parent lines 



Mean 

yield 

of 

crosses 

Yield 

of 

par- 
ent ° 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1 

2 

3 

4 

6 

9 

10 

Mean yield of 

crosses 

10.87 
12. 31 

9. 18 
12. 14 
10.04 
10. 55 

12. 43 

13. 10 
10. 67 

13.46 
12.82 
11.79 
13.23 
13. 42 
12.00 
13.82 i 
12.84 
12.50 

9. 90 
13. 94 
9.86 
12. 88 
11.61 
11.99 
11.36 
12.74 
13.33 j 

It. 75 
16.67 
11.79 
15.41 
16.13 
14. 14 
14.21 
! 16.02 
15.59 

13. 54 
13. 99 
12.90 
14. 17 
13. 77 
14.61 
13. 63 
14.09 
10.94 

11. 67 
12. 68 
9. 28 
12.06 
10.48 

12. 34 

13. 87 
13.82 
12. 10 

10. 85 
12. 44 
11.71 
13. 02 
12. 79 
13. 11 
14. 13 
14. 09 
12.08 

12. 16 

12. 37 
12.21 
11.84 
12. 02 

13. 40 
12.28 
13. 10 

9.71 

11.93 
13. 72 
10.91 
10. 92 
! 11.38 

1 11.96 
> 13.10 

1 14. 97 
| 9.88 

14. 61 

13. 42 
12. 26 

14. 55 
13. 64 
13. 71 
13. 54 
13. 26 
11.59 

12. 07 

13. 44 
11. 19 
13. 02 
12.53 1 

12. 78 

13. 24 ! 
13. 80 
11.84 

6. 88 
4. 16 
7. 24 
7.37 
4. 82 
7. 87 
7. 53 
5.13 

11.25 

12.88 

11.96 

14. 63 

13. 52 

12.03 

12.69 

12. 12 

12. 09 ‘ 

13.40 

*12. 66 


Yield of par- j 
ent a 

5.71 j 

4. 77 j 

7.89 

5. 85 

5. 40 

5.59 | 

6.42 




° Yields of the parent lines are not comparable with the yields of the crosses. 
6 Mean yield of all crosses in this group. 


Table 16. — Yield per row ( pounds ) of the F\ crosses between inbred lines from 
early varieties of yellow corn compared with yields of the parent lines 

[1926 comparison of crosses. P. E. (probable error) of the difference between the yields of any two parent 
lines, ±0.460; P. PI. of the difference between the yields of any two Fi crosses, ±0.501; P. E. of the dif- 
ference between means of 9 crosses, ±0.154, and between means of 10 crosses, ±0.146] 


i>o. oi parent 









nne 

31 

32 

33 

34 

35 

36 

37 

21 


6. 50 

6. 50 

10.24 

8.21 

12. 27 

7. 81 

10.78 

22 


11.45 

9. 33 

11. 67 

10. 74 

12. 46 

11.49 

11.88 

24 


13. 28 

11. 72 

12. 01 

1 2. 44 

13. 46 

12.58 

11. 29 

25 


15. 12 

12.63 

14.22 

14. 43 

14. 86 

13. 80 

13. 74 

26 


13. 74 

12. 47 

14.90 

14.84 

14.38 

13. 51 

14. 00 

27 


9. 61 

6. 40 ! 

10. 92 

10. 40 

! 9.41 

10. 77 

! 10. 60 ! 

28 


13. 34 

10.83 | 

12. 75 

12.23 

j 12.72 

14.30 

i n .4o j 

29. 


13. 69 

8.97 | 

15.04 

13. 33 

i 12.84 

12.33 

14.60 i 

30 


14.01 

10. 1 5 

14. 64 

13.65 

12. 50 | 

15.02 

j 14. 08 ! 

iVLoan yield or 







j .j 


crosses 

12.30 

9.89 1 

12.93 

12. 25 ! 

' 12.77 

12. 40 

i 12.49 1 

Yield of par- 


J 

1 




j : 


ent " 

3.20 

1.85 

6.63 j 

5. 68 

9. 14 

5. 85 

6.63 


es 



Mean 

Yield 




yield 

of 

38 

39 1 

i 40 

! 

of 

crosses 

par- 
ent » 

10. (Hi 

8.61 

j 10.02 

9. 10 

2. 45 

13.54 

12.00 

10. 40 

11. 50 

8. 19 

13. 34 

13.23 

10. 72 

12.41 

4. 45 

14. 34 

14. 50 

12.88 

14. 05 

8. 74 

13.52 

13. 70 

13. 17 

13. 82 

7. 92 

10.69 

10. 14 | 

8.00 

9. 69 

4. 33 

12.09 

13. 77 1 

10. 57 

12.40 

5. 02 

14.87 

10.31 

10. 16 

12. 61 

2. 58 

12. 28 

12.60 | 

9. 92 

12. 88 

5. 33 

12.75 

12. 10 

10.65 

M2. 05 


7.45 

, I 

3.09 | 

2. 83 


! 1 


° Yields of the parent lines are not comparable with the yields of the crosses. 
b Mean yield of all crosses in this group. 

Each of these tables contains excellent demonstrations of the 
differences in the ability of different inbred lines consistently to pro- 
duce high-yielding crosses. In Table 15, inbred lines Nos. 11 to 20 
were parents of comparable series of crosses. The crosses of line 14 
had the highest mean yield. All crosses yielding 16 pounds or more 
had line 14 as one parent. A comparison of lines 13 and 14 as parents 
shows that in every pair of comparable crosses, the one having line 14 
as parent yielded more. A similar condition holds when lines 11, 
16, and 17 are compared with line 14. 

Of the crosses in Table 16, those of line 25 had the highest mean 
yield. Comparing the individual crosses of line 25 with comparable 
crosses of lines 21, 22, 24, and 27, the crosses of line 25 were always 
the highest yielding. 

Of the crosses in Table 17 those of line 66 had the highest mean 
yield. Comparing the crosses of this line with comparable crosses of 
lines 46, 47, 52, 54, 55, 56, 61, 62, 67, 70, 7 $, 78, and 80, that with 
line 66 was the highest yielding in every case. 
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Now, if it be assumed that the lines listed across the top of Table 17 
(41, 42, 43, etc.) were the lines that were being tested, and that the 
lines listed down the left side of the table were the testers, most of 
the former lines were used in 28 or 29 comparable crosses. The 
crosses of line (55 had the highest mean yield. Comparing lines 65 
and 63 as parents, there were 28 pairs of comparable crosses, in 27 
of which that of line 65 was higher yielding. The yields of these 
28 pairs of comparable crosses are shown graphically in Figure 1. 
Lines 43 and 63 also were used in 28 pairs of comparable crosses, and 
in 27 of the comparisons the cross of line 43 was the higher yielding. 



Figure 1 .— Yields of the comparable Fi crosses of several inbred linos with line 63 and with line 05 


Table 17. — Yield per row (pounds) of the b\ crosses between inbred lines from the 
later varieties of yellow corn compared with yields of the parent lines 
[1926 comparison of crosses. P. E. (probable error) of the difference between the yields of any two parent, 
lines, ±0.460; P. E. of the difference between the yields of any two Fi crosses, ±0.627; P. E. of the differ- 
ence between means of 10 crosses, ±0.182, and between means of 29 crosses, ±0.107] 


No. of parent 
line 


45 

46. 

47 

48 

49 

61 

52 

54 

55 

56 

67 

58 

59 

60. 

61 

62 

66-. 

67 

68 

69 

70 

72 

73 

74 

76 ... 

77 

78 

79 — 

80- 

Mean yield 
of crosses. .. 
Yim of par- 
ent 




Crossing-block Nos. of parent lines 



Mean 

yield 

of 

crosses 

Yield 

41 

42 

43 

50 

* 

63 

64 

65 

71 

75 

of par- 
ent a 



16. 38 

15. 76 

16.81 

21.42 


15. 33 

12. 79 

15. 87 

18. 59 

19. 39 

16. 93 

8.50 

13.31 

13. 64 

15. 62 

13. 77 

14.31 

12. 78 

11. 77 

15. 16 

11.60 

19.28 

14. 12 

7.56 

13.99 

13. 37 

H. 60 

13.46 

12. 66 


16. 14 

15. 63 

15. 79 

16. 78 

14.71 

5.27 

14. 52 

17. 60 

18. 45 

10. 09 

20. 74 

16. 05 

15. 69 

15. 73 

15. 05 

15. 91 

15.98 

9.39 

16.23 

19. 35 

19.02 

13. 70 

16. 19 

14. 86 

17.80 

17.74 

17.08 

17.38 

16. 94 

8.91 

16. 61 

10. 97 

18. 05 

10.94 

15. 68 

13.88 

15. 71 

14. 82 

16. 97 

16.89 

15. 05 

7. 40 

13. 62 

15. 14 

16. 47 

14.41 

15. 92 

12.86 

13. 89 

16. 49 

14. 82 

15. 10 

14. 87 

6. 87 

14. 15 

16. 10 

16.67 

14.68 

14.35 

12.83 

16. 11 

15. 97 

15. 98 

17. 43 

15. 43 

7.64 

13. 81 

14.98 

15.99 

13. 80 

13.95 

12.85 

16.33 

16.99 

16. 80 

16. 68 

15.22 

5. 85 

13. 75 
15.06 

13. 19 
17.41 

15. 53 
18.01 

15. 67 


11.69 

15.01 

17.68 

16.09 
15. 70 

15. 14 
17. 38 

15.23 
17. 59 

14. 37 
16. 61 

6.65 

8.27 

14. 71 

16. 49 

17.04 

16.63 

15.00 

15. 04 

18. 02 

17. 04 

17.91 

15.00 

16.29 

7.22 

15. 44 
15. 21 

18.29 
16. 52 

19. 93 
16. 43 

16. 30 
14. 61 

17. 50 

14.60 
12. 07 

17.29 
18. 40 

19. 03 
17. 37 

19. 15 
17. 61 

18. 12 

17.50 
16. 38 

6. 97 
9.84 

14.80 

12. 96 

16. 73 

14.67 

14.27 

13. 24 

16. 75 

15. 20 

1 14.80 

15. 05 

14. 85 

5.14 

13.26 

15.85 

14.30 

14.09 

15. 23 

12. 39 

16.58 

15. 11 

15.72 

14.81 

14. 73 

3. 92 

15.99 

17.16 

18. 30 

17. 97 

! 19.57 

15.07 

18. 53 

18. 48 

17. 19 

19. 82 

17.81 

7.36 

11.83 

13.65 

15.28 

12.44 

15.22 

11.51 ! 

17. 82 

15. 60 

13.71 

14. 13 

14. 12 

11.67 

11.97 

13. 11 

17.23 

16.20 

16.48 

9.53 

18.56 

20. 34 

15. 38 

15.33 

15.41 

4. 44 

13.96 

16. 18 1 

18.29 

16.54 

18.71 

16.04 1 

16.33 

17.90 

14.51 

15.65 

16.41 

10.26 

13.64 

15.49 

18. 03 

16. 02 

16.59 

14.83 

15. 98 

17. 14 

15.83 

11.72 

15.53 

8. 42 

12. 35 

15.47 

15. 71 

15. 98 

17.28 

12.64 

16.73 

38.76 

14.54 

16.07 

15. 55 

7. 77 

12. 18 

18.47 | 

15. 43 

15. 00 

— 

13. 77 

16.23 

18. 15 

11.55 

13. 64 ] 

14. 92 

6.71 

14. 15 

1 16.12 

16.90 

17. 46 

17. 45 

13. 61 

35. 92 

16. 14 

12. 61 

13. 72 

15. 41 

6.09 

14. 39 

15.34 

16. 89 

15.71 

15.38 

13. 57 

15.68 

16. 79 

18. 65 

16.39 

15.88 

6. 34 

17. 14 

20. 44 

16.50 

18. 03 

17. 54 

15. 11 

17.83 

19.58 

13.56 

18.34 

17. 41 

9.07 

13.60 

13. 36 

15.81 

15.88 

16.39 

14. 25 

17. 32 

17.98 

15. 40 

17. 12 

15.71 

6.66 

12. 92 

12.95 

15. 81 

17. 05 

18. 62 

15.99 

17. 49 

18.99 

14.96 

15.06 

15. 98 


14. 70 

16. 46 

17. 67 

! 14.73 

37. 48 

14. 11 

16.93 

16. 10 

16.93 

15.71 

16.08 

8.60 

14.26 

15.58 

16.81 

15. 26 

16. 36 

13. 77 

16.51 

16.96 

15.70 

16. 19 

*15. 73 




7.62 

3.83 

6.84 

8. 44 

9. 62 

7.08 

i 8.62 

8.66 




• Yield of the parent lines are not comparable with the yields of the crosses, 
& Mean yield of all. crosses in this group. 




Nov. 1, 1929 


Correlation Studies With Maize 


709 


Of the crosses in Table 18 those of lines 112 and 107 had the highest 
mean yields. Comparing the crosses by these two lines with com- 
parable crosses by the other lines, the crosses of line 112 outyielded 
all of the comparable crosses of line 103, and line 111 outyielded 
eight of the nine crosses by line 104 and outyielded seven of the eight 
crosses by line 101 and bv line 109. The crosses by line 107 out- 
yielded all comparable crosses by line 104 and outyielded the com- 
parable crosses by line 101, by line 103, and by line 106 in eight out 
of nine cases. 

Among the crosses by 43 parent lines listed at the left of Table 19 
the crosses by lines 124, 135, and 146 had the highest mean yields. 
The crosses by line 135 outyielded all of the comparable crosses by 
each of 20 of the remaining 42 lines. The crosses by line 124 out- 
yielded all of the comparable crosses by 19 of the remaining 42 lines, 
except that in two pairs the comparable crosses were tied. The 
crosses by line 146 outyielded all of the comparable crosses by 17 
of the remaining 42 lines. 

CHARACTERS OTHER THAN PRODUCTIVENESS 

Inspection of the data on all of the characters studied showed 
differences in prepotency similar to those pointed out for productive- 
ness. These differences in prepotency for various characters occurred 
more or less equally within all of the different yield groups. This 
generality of prepotency has been shown in detail sufficiently by the 
data on productiveness in the different groups. Accordingly, addi- 
tional data are presented here only on selected characters in the 
group of late crosses compared in 1926. 

Data on the percentage of plants erect at harvest are recorded in 
Table 20. 


Table 18. — Yield per row {pounds) of the F\ crosses between inbred lines from 
varieties of white corn compared with yields of the parent lines 

[1927 comparison of crosses. P. K. (probable error) of the ditrerence between the yields of any two parent 
lines, ±0.4(10; P. E. of the difference between the yields of any two Fi crosses, ±0.563; P. E. of the differ- 
ence between means of 9 crosses, ±0.173, and between means of 10 crosses, ±0.164J 


No. of ( 
inbred - 
line 


101 . 
102 . 
103 _ 

104- 

105- 
106. 
107. 

109. 

110 . 
111 . 
112 . 


Crossing-block Nos. of parent lines 


MeanJ. 


1 











of 

101 

102 

103 

104 

105 

10(5 

107 

109 

110 

111 

112 

crosses 

1 

1 

11.33 

11.45 

10. 60 

10. 64 

10. 78 

11.33 

11.03 

11.17 

10. 97 

11.50 

11.08 

.! 11.33 


11.64 

12.39 

9.54 

11.62 

12. 89 

9. 25 

12. 30 

13. 06 

14. 54 

11.86 

J 11.45 

ii.64 


10. 36 

11.33 

11. 67 

11. 13 

11. 70 

11. 40 

10. 08 

11. 18 

11. 20 

1 10 60 

1? 39 

10 36 


10. 69 

10. 86 

11.87 

10. 99 

11. 64 

11.31 


11. 19 

'! 10.64 

9. 54 

11. 33 

10. 69 


10. 50 

12.45 

10. 89 

11.91 


13. 16 

11.23 

J 10.78 1 

11.62 

11.67 

10.86 

10.50 


13.65 

11.35 | 

12. 18 

10.46 

11.88 

11.51 


11.33 

12. 89 

11.13 

11.87 

12.45 

13.65 i 

! 

12.06 j 

12.87 

12. 21 

12. 40 

12.29 

1 11 (Vi 

9. 25 

11. 76 

10.99 

10. 89 

11.35 

12.06 


12.31 

10. 87 

12.69 

11. 32 


ll! 17 

12! 30 

11.40 

11.64 

11.91 

12. 18 

12. 87 

12. 3l 


12. 50 

12. 57 

12.09 


10 97 

13. 06 

10. 08 

11.31 


10. 46 

12. 21 

10.87 I 

12.50 


11. 22 

11.42 

- 

1L 50 

u! 54 

11. 18 

13. 16 

11.88 

12. 40 

12.69 ; 

12.57 

11.22 


12.35 

1 



! 

l_: 1 - 


1 



011.60 

1 



I 

! 1 

i 




Mean 


Yield 
of par- 
ent a 


7. 17 
5. 32 

7.64 
7. 40 
5.11 

6. 65 

6.30 

6.18 

6. 31 
4.26 


a Yields of the parent lines are not comparable with the yields of the crosses. 
h Mean yield of all crosses in this group. 
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Table 19 . — Yield per row ( pounds ) of the F\ crosses between inbred lines from 
varieties of yellow com compared with yields of the parent lines 

[1927 comparison of crosses. P. E. (probable error) of the difference between the yields of any two parent 
lines, ±0.460; P. E. of the difference between the yields of any two Fi crosses, ±0.617; P. E. of the differ- 
ence between means of 9 crosses, ±0.190, and between means of 43 crosses, ±0.086) 


No. of parent line 

Crossing-block Nos. of parent lines 

Mean 

yield 

Yield 










of 

of par- 


121 

140 

143 

150 

153 

157 

160 

168 

171 

crosses 

ent ° 

114 

9. 11 

11.85 

9. 27 

10. 97 

9. 99 

i 

8. 76 

10. 57 

10. 07 

9.99 

10.06 

4. 91 

116 

10. 21 

10.04 

10. 34 

10. 54 

8. 82 

10.10 

10.64 

8. 67 

9. 22 

9. 84 

5. 24 

117 

8. 76 

11.26 

10. 34 

10. 79 

11.54 

11.38 

9.93 

9. 48 

10.19 

10. 41 

7.34 

118 

8.54 

12. 87 

10. 70 

9. 59 

11. 16 

9. 44 

10. 18 

10. 70 

9. 65 

10.31 

5.66 

119 

9. 94 

11.67 

11. 21 

9.28 

10. 70 

10. 52 

10.90 

11.18 

10. 69 

10.68 

9.41 

120 

10. 17 

13.06 

9. 96 

11.08 

11. 13 

11.00 

11.59 

10.24 

11.53 

11.08 

5. 71 

123 

9. 51 

10. 30 

10.18 

10.66 

11.09 

9. 14 

10. 12 

10. 97 

11.22 

10.35 

9.83 

124 

10. 99 

12. 75 

13. 43 

10.83 

12. 46 

12.69 

12. 85 

12.68 

12. 02 

12.30 

9. 38 

125 

11.73 


11.07 

10. 89 

11. 18 

9. 78 

11.77 

11.01 

9.79 

10.90 

12. 17 

126. 

11.68 

13.37 

13. 18 

9. 50 

12.47 

| 10.62 

13. 21 

11.38 

11.26 

11.85 

15. 76 

128 

11.74 

11.86 

11.62 

11.31 

12. 56 

12.27 

12. 27 

11. 13 

10.69 

11.72 

8.48 

129 1 

10. 16 

11.94 

10. 79 

11.68 

11.52 

11.49 

10. 44 

10. 92 

11.48 

11. 16 ! 

8.87 

130 

10. 32 

11.31 

10. 37 

10. 14 

10. 95 

10.83 

11.08 

11.57 

11.63 

10.91 

2. 02 

132 

9.83 

12.44 

10.61 

10. 85 

11.39 

11.10 

11.20 

10.71 

12.05 

11.13 

12.04 

133 

9.00 

11.23 

8. 82 

8.57 

8. 96 

10.26 

9. 72 

11. 73 

10. 36 

9.85 

6. 89 

135 

13. 21 

12. 57 

12. 34 

12.06 

12. 40 

14.04 

12. 99 

j 10.99 

11.29 

12.43 

9. 52 

136 1 

12. 43 

10.41 

11.54 

11. 16 

13.20 

i 11.41 

12. 14 

1 12.92 

9. 67 

11.65 

7. 99 

139 J 

12.18 

9.81 

11. 53 

11.76 

11.43 

12.25 

12. 10 

10.29 

11.18 

11.39 

11.21 

141 

11. 80 

11.99 

12. 79 

9.31 

11.45 

10. 54 

11.55 

12. 07 

9.02 , 

11. 17 

8. 72 

142 

11.83 

11,64 

11.38 

12. 43 

11. 99 

11. 63 

11.72 

12. 21 

11.06 

11. 76 

6. 82 

144... 

12. 07 

10. 32 

10.51 

11.31 

11.20 

11.53 

11.26 

10.98 

9. 66 

10.98 

9. 43 

146 

11.54 

13. 87 

13.26 

12. 49 

11.84 

10. 34 

13.72 

10.86 

12.50 

12. 27 

4.72 

147 

9.85 

10. 38 

8.13 

10. 16 

10.82 | 

7.90 

10. 72 

10.30 1 

9.88 

9. 79 

4.83 

149 

10.68 | 

12. 02 

9.77 

9. 02 

9.09 

10. 87 

10. 56 

11.01 ! 

10.46 

10.39 

9.53 

161 



9. 72 

10.90 

10.60 

9. 02 

11. 18 

9.65 ! 

10. 05 

10 16 

7 92 

154 1 

10.36 

13.05 

11.06 

11.81 

! 11.31 

10.83 

11.23 

12.54 

10. 34 

11.39 

8.42 

155 _ 1 

12.67 

12. 78 

9. 55 

10.58 

11.59 

11.46 

10.44 

11.25 

! 10.38 

11. 19 

7.69 

156 

9.76 

10. 12 

8.98 

10.83 

10.44 

12.29 

11.05 

10.00 

I 10.91 

10. 49 

6.88 

158 

9.73 

11.97 

10. 95 

12. 00 

9.12 

8.74 

10.71 

10. 16 | 

I 10.10 

10. 39 

6.28 

159 

9. 44 

9. 37 

1 8.96 

8.27 

8.93 

! 8.62 

6.57 

8.58 j 

9.11 

8. 65 

5.13 

161 

10.09 

12. 81 

11.16 

10.83 

12.23 

! 9. 86 

11.24 

9.89 ! 

11.66 

11.09 

8.51 

162 

10.76 

9. 74 

8.49 

10. 10 

9. 26 

10.50 

8. 50 

8.93 j 

10.39 

9.63 

8. 38 

164 

9.17 

13. 19 ' 

9. 13 

11.26 1 

10.83 

9.54 

10. 84 

9. 30 

9.48 

10.30 

3. 71 

165 

9.25 

11.69 | 

9. 53 

9. 68 i 

9.62 

9.36 

9. 52 

9. 24 

9. S3 

9.75 

6. 21 

166 

10.68 

10.26 

11.55 

10.63 

10. 69 

9.50 

10. 88 

8. 90 

9.61 

10. 30 

10. 74 

167 

10. 22 

12. 48 

10.41 

9.82 

10. 62 

9.49 

9.80 

9.24 

10.47 

10.28 

2. 14 

169 

10.88 

12. 70 

10. 94 

9.64 

10. 65 

11. 16 

11.21 

9. 50 

11.57 

I 10.92 

9.48 

170 

1 8.97 

| 9.22 

9. 42 

9.54 

7.31 

10.01 

10. 46 

7. 12 

9. 05 

9. 01 

4.83 

172 

9.93 

8. 90 

10. 20 

11.06 

10.05 

10. 95 

10. 87 

11. 15 I 

! 9. 35 

1 10.27 

5.20 

173 

9.00 

8.63 

9.53 

9. 66 

8. 96 

8.65 

10. 78 

8.81 | 

I 7.58 

j 9.07 

2.80 

174. 

9.80 

11.64 

11,67 

11.33 

11.45 

10. 10 

10. 63 

10. 61 

I 10.03 

j 10.81 


175 

9. 54 


9. 70 

10.28 

11. 06 

8. 88 

10. 36 

8. 96 

10. 36 

9. 89 


176 

8.61 

16.98 j 

9. 96 

9. 97 

9.86 

9. 49 

9.87 

9. 81 

10.51 

9.88 


Mean yield of crosses. 

1 10.38 

11.46 

10. 56 

10.57 

10. 79 

10. 43 

10. 92 

10.41 

10.40 

fc 10. 65 


Yield of parent « 

8.48 

9. 38 

11.58 

8.98 

5.28 

6.51 

9. 15 

5. 56 

5.21 




° Yields of the parent lines are not comparable with the yields of the crosses. 
b Mean yield of all crosses in this group. 

The coefficient of correlation for the percentage of plants erect at 
harvest, between the parent lines and the means of their crossbred 
progeny, from the data in Table 20, was 0.88 ± 0.03 (Table 13). This 
is a very high correlation and indicates that about 77 per cent of the 
variance among the mean percentages of erect plants in the crosses 
was associated with variation in percentages of erect plants in the 
parent lines. All of the crosses of some inbred lines had high per- 
centages of erect plants, whereas all of the crosses of other lines had 
low percentages of erect plants. Thus, all of the crosses by line 46 
had higher percentages of erect plants than the comparable crosses 
by line 47. A similar condition exists as between lines 57 and 58 
and lines 62 and 60. Lines 63 and 65 were used in 28 comparable 
jp&irs of crosses. In 27 of these the cross with line 65 as one parent 
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had a higher percentage ol‘ erect plants than that with line 63 as a 
parent. The data on the percentage of erect plants in these two 
lines are shown graphically in Figure 2. 



Fujurk 2. — Percentages of plants erect at harvest in the comparable crosses of several inbred 
lines with line (53 and with line 65 


Table 20 . — Percentage of plants erect at harvest in the V\ crosses between inbred 
lines from the later varieties of yellow corn compared with the parent lines 

[1920 comparison of grosses] 


Crossing-block Nos. of parent lines 


No. of parent 










line 










41 

42 

43 

50 

53 

| 

64 

i 65 

45 

89. 6 

(53. 4 

32. 9 

77.9 


58.0 



50. 0 

! 6.3 

46 

96. 6 

92.3 

82.5 

92. 0 

70. 5 

96. 7 

95. 1 

85.2 

47. 

28. 9 

13. 8 

42. 5 

80.9 

42. 2 


19. 6 

j 45.3 

48... ... ... 

77.3 

50. 0 

71.8 

70. 1 

UK) 

77 4 

60. 9 

69. 2 

49.. . 

99. 6 

97.5 

75.2 

100 

100 

82.7 

80.8 

G8.3 

51.. 

67. 9 

53. 5 

74. 6 

81.6 

97.7 

72. 6 

56. 8 

1 45. 9 

52. 

80.2 

57.4 

49. 0 

50. 1 

81. 5 

53. 1 

44.9 

34.7 

54.. 

58.7 

46. 3 

15. 5 

66. 5 

44.4 

61.3 

36. 0 

28.3 

55.. 

77.0 

66. 4 

39.2 

61.6 

74.5 

62. 5 

5 4 

25. 7 

56 . . 

78.4 

58. 3 

66. 0 



60. 9 


30. 1 

57 ... . . 

92.0 

83.8 

94.5 

96. 6 


96. 9 

80. 5 

93.0 

58 ...... . 

75.0 

42.5 

23.3 

54.0 

68. 6 

55. 6 

30. 0 

34. 6 

59 .. 

83.7 

77.7 

74.8 

97. 7 


90. 6 

63. 8 

64.6 

60 

76.6 

41. 1 

30.3 

68.8 

48. 9 

21. 1 

43. 7 

10.2 

61 .... 

66. 1 

44.3 

36. 8 

41. 7 

51. 1 

66. 2 

49.4 

16.0 

62. 

94.0 

95.3 

86. 1 

98.0 

99.2 

! 96.4 

90.9 

77.4 

66 

64.8 

50. 2 

! 65. 0 

56. 3 

93. 8 

! 75.9 ; 

75.6 

40.3 

67... 

95.5 

85. 3 

61.4 

83. 8 

100 

90.2 1 

72.1 

73.8 

68.. 

93.5 

78.0 

67. 3 

97. 2 

98. 1 

1 93. 2 ! 

86.2 

84.8 

69 

84.3 

55.4 

I 54. 2 

56.2 

84.0 

1 51. 5 

52. 6 

15.7 

70 

94.0 

[ 89.1 

40.5 

89.1 

83. 0 

i 87.9 

84.8 

53.4 

72 

92. 1 

89.5 

02.7 

73. 5 

96.4 

67. 3 

65. 0 

54. 0 

73 .... 

99.1 

73.8 

84.2 

100 


94. 4 

83.9 

56. 5 

74 

76. 1 

86.7 

52.0 

80.9 

91.7 

i 70. 9 

38.4 

35. 4 

70 

53.9 

49. 0 

25. 3 

70.5 

79.2 

53.5 1 

56.2 

8. 0 

77 

95. 0 

81.4 

62.4 

82.8 

92.8 j 

78.3 

69. 5 

72.3 

78 

95.4 

85.4 

84.9 

97.6 

98.5 

97.0 

74. 1 

67.8 

79 

90.3 

84.0 

64.8 

95.5 

72.2 i 

90.0 

51.8 

51.6 

80.. 

84.4 

82.0 

58.9 

85.4 

85.7 | 

80.2 

54. 5 

44.6 

Mean of 



! 




1 


crosses 

81.4 

68.3 

58.1 

78.8 

81.4 

74.6 | 

59.8 

48.0 

Percentage 









erect in 



I 






parent ° 



27.4 

78.7 

94.8 

61.8 

37.7 

1.5 


I Per- 

| Mean j 
of ! a « 6 


crosses. 


erect 
in par- 
ent ° 


64.6 
68.9 
45. 8 
76. 5 
83.8 

64.7 
35. 5 
56. 7 
50. 6 

67.8 
94.7 
33. 8 
65. 5 

41.2 
42.4 

97.3 
78.-0 


! 72.2 

96.4 
72.6 

72.2 

97.8 

80.5 
69. 5 

69.9 

79.2 
73.8 
98. 5 
69.0 

”73.T 

67.6 

97.2 
73.5 


87.6 
43. 5 ; 

72.6 | 

88.6 | 

69.6 

55.6 
48.4 
54. 2 
62.2 

92.3 

48.6 

77.3 

45.6 

48.2 

93.2 
67. 9 


49. 1 

92. 1 
9.9 

61. 2 
55.0 

63.2 

15.2 

8.5 
12.5 
33.9 
93. 6 
14.4 

90.2 

52.3 
0.0 

91.3 

1.6 


73.4 

85. 4 

98. 6 

77.0 

56. 1 

65. 4 

93.7 

86.9 

62.8 

86.7 

89.8 

96.0 

62.9 

89. 5 

40. 6 

65. 2 

76. 0 

92.8 

81.0 

96. 8 

81.3 

82.6 

78.6 

86.0 


82.7 1 

80.9 

87.4 

100 , 

57. 5 

14.2 

80.8 

78.2 

75.0 

65.7 

86.4 

100 

68.4 

36.2 

50.1 

8.3 

80.3 

88.4 

87.8 

99.1 

76.4 


74.0 

44.3 


67.7 


81. 2 j h 69. 7 


60.5 


85.3 


° The data on the parent lines are not comparable with those on the crosses. 
b Mean percentage erect for all crosses in this group. 
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Data on the date of silking, recorded as the number of days after 
June 30, are shown in Table 21. The coefficient of correlation for 
the date of silking between the parent lines and the means of the cross- 
bred progeny was 0.59 ± 0.07. These data again illustrate the degree 
to which inbred lines may influence their F] crosses. For example, in 
the 28 pairs of comparable crosses by lines 71 and 63 the crosses by 
line 71 silked later in 27 pairs, and in 1 pair the comparable crosses 
silked on the same day. 


Table 21 . — Date of silking ( days after June SO) for the F\ crosses between inbred 
lines from the later varieties of yellow corn compared with parent lines 


[1926 comparison of crosses) 


No. of parent 
line 


45.. .. 

46 

47.. .. 

48.. .. 

49 

51.. .. 

52 

54 

55 

56 .... 

57. 

58.. 

59 

60.. 

61.. 

62.... 

06 

67 

68 

69.. . 

70 

72.. . 

73 

74 

76 

77 

78.. .. 

79 


Mean of 

crosses 

Date of silk- 
ing for par- 
ent a 




Crossing-block Nos. of parent lines 




Date 











Mean 

of silk- 











of 

ing for 

41 

42 

43 

50 

53 

63 

64 

65 

71 

75 

crosses 

par- 
ent 0 

23. 5 

24. 5 

24. 5 

26. 0 


23.5 

24.0 

24. 5 

28.0 

23. 5 

24.7 

32. 3 

25. 0 

23. 5 

24.5 

27. 0 

26. 0 

23. 5 

22.5 

25. 0 

30. 0 

24. 5 

25. 2 

34.3 

26. 0 

24.5 

25. 5 

26. 5 

26. 0 


24.5 

25. 5 

26. 5 

25. 5 

25.6 

30. 3 

23.0 

25.0 

24.0 

25.0 

24. 0 

25. 0 

23. 5 

23. 0 

29.0 

25. 0 

24.6 

35. 3 

25.0 

23. 5 

23. 0 

26. 0 

25. 5 

24.0 

22. 5 

24. 0 

27. 5 

25. 0 

24. 6 

34.7 

25. 0 

24. 0 

25. 5 

28.0 

24. 5 

24. 5 

26. 0 

27. 5 

30. 0 

28.0 

26. 3 

34. 3 

26. 0 

26. 5 

28.0 

28. 0 

27. 0 

26. 0 

27. 0 

28. 5 

27.0 

26. 0 

27.0 

38. 3 

25. 0 

23. 5 

25. 5 

22.5 

24. 0 

24.0 

26. 0 

26.0 

25. 5 

26.0 

24.8 

31.0 

23. 0 

25. 0 

24.6 

26. 5 

24. 5 

24. 0 

26. 0 

27.0 

25. 0 

25. 0 

25. 0 

31.3 

24 5 

23.0 

24 5 



23. 5 


25. 0 

27. 0 

25. 0 

24. 6 

29.3 

25. 0 

24. 0 

25. 6 

23. 0 


23. 5 

26. 5 

24.0 

25. 5 

27.0 

24.9 

31.7 

24.0 

26. 0 

27.0 

26. 5 

25.0 

24. 5 

27. 5 

28.0 

27.0 

27. 5 

26.3 

30.3 

26.0 

25. 0 

28. 0 

25. 5 


24. 5 

26:0 

27.0 

27.0 


26. 1 

30. 0 

26.0 

26.0 

30. 5 

29. 0 

29.0 

24.0 

30. 5 

32. 0 

28.5 

29.6 

28.4 

32. 0 

27.0 

29.0 

28.0 

27.0 

28.0 

25. 5 

29. 5 

30. 5 

28.0 

27. 0 

28,0 

i 36. 3 

23.5 

22. 5 

28.0 

23. 5 

23. 5 

23. 5 

24. 5 

27. 5 

26. 5 

26.0 

24.9 

1 30. 7 

27.0 

25.0 

30. 5 

28.0 

26. 0 

24.5 

27. 5 

28. 5 

28.0 

29. 5 

27.4 

i 38. 3 

29.0 

24. 5 

30. 5 

27.0 

27.0 

27.5 

29. 0 

29. 5 

31.0 

27. 0 

28.2 

33. 0 

26.0 

24.5 

30.0 

24.0 

26.0 

25.0 

26.0 

29. 0 

28.0 

29. 0 

26.8 

34. 3 

28.0 

26.0 

31.0 

29. 0 

28. 5 

26.0 

27. 5 

30. 0 

29.0 

29.0 

28.4 

35. 7 

23. 5 

23.5 

26. 0 

27.0 1 

24. 0 

23. 0 

24. 5 

26. 0 

26. 0 

29. 0 1 

25. 2 

34. 3 

27.5 

26.5 

29. 5 

27. 0 

27.5 

29.0 

29.0 

28. 0 

30.0 

30. 5 

28.4 

35. 0 

30.5 

28. 0 

30. 5 

29. 0 


27. 0 

31.0 

30. 5 

33. 5 

33. 0 1 

30. 3 

43.0 

30.0 

27. 0 

33. 0 

30. 0 

29, 5 

28.0 

28. 5 

34. 0 

34. 5 

33. 0 

30. 8 

38.3 

29.5 

26. 5 , 

30. 0 

30.0 

27.0 

25. 0 

28.0 

30.5 

30. 5 

30. 5 I 

28.8 

39.0 

30. 0 

26. 0 

33.0 

29.0 

28.0 

27. 5 

28.0 

31.0 

27.5 

29,0 j 

28.9 

38.3 

27.0 

24.0 

29. 0 

27.5 

26.0 

23. 5 

23. 5 

26. 5 

26. 5 

28.0 

26. 0 

36. 7 

29.0 

28. 5 I 

31. 0 

28.5 

30. 0 

27.0 

29.0 

30. 5 

33. 0 

33. 0 i 

30.0 


24.5 

23.0 

28.0 

25. 0 

26. 0 

24. 5 

23. 5 

27. 5 

26.0 

27.0 

25. 5 

30.7 

26.2 ( 

25.1 

27. 9 

36.3 

, 

26.8 

33.0 ! 

26.3 

35.0 

25.0 

30.3 

26.5 

32.3 

27.8 

38. 0 

28.3 

40.0 

27.8 

39.0 

b 26. 8 


1 




«■ The data on the parent lines are not comparable with those on the crosses. 
b Mean date of silking for all crosses in this group. 


Data on the number of days between tasseling and silking are 
recorded in Table 22. Protandry is indicated by positive values and 
protogyny by negative values. The coefficient of correlation be- 
tween inbred parents and the mean value for their crossbred progeny 
for the data in Table 22 was 0.66 ±0.06. (This coefficient is not 
shown in Table 13.) 
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Table 22 . — Days from tasseling to silking in the F\ crosses between inbred lines 
from the later varieties of yellow corn compared with the parent lines 

[19215 comparison of crosses] 



a 'The* data on the parent lines are not comparable with those on the crosses. 
h Mean number of days from tasseling to silking for all crosses in this group. 


Here, too, different inbred lines transmitted very definite tenden- 
cies to their F 2 crosses. The mean number of days from tasseling to 
silking for the crosses by line 41 was 0.8. For those by line 42 the 
mean was 2.5. In 25 of the 29 pairs of comparable crosses of which 
these two inbred lines were parents, the cross by line 42 required 
more days from tasseling to silking than did the comparable cross by 
line 41 ; in three pairs the crosses were tied; and in only one pair did 
the cross by line 41 require more days from tasseling to silking than 
the cross by line 42. An interesting example of a possible effect of 
the selection within selfed lines is the number of lines and crosses 
which are protogynous. Of the progenies listed in Table 22, 5 of 
the inbred lines and 10 of the Fi crosses silked before they tasseled. 
The general condition among the parent varieties grown in the 
locality where these data were obtained is for the plants to begin 
shedding pollen from one to three days before silks appear. It is 
possible that in selecting the inbred lines there has been an uncon- 
scious tendency toward relatively earlier silking plants, as these are 
the most convenient for self-pollinating. This may have been a 
factor in obtaining the protogynous lines. 
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Table 23 . — Plant height (in feet) of the F i crosses between inbred lines from the 
later varieties of yellow corn compared with the parent lines 

[1926 comparison of crosses! 


Crossing-block Nos. of parent lines 


No. of parent 


line 









! 


41 

42 

43 

50 

53 

63 

64 

65 

71 ! 

] 

45 

7. 25 

8.00 

8. 25 

8.00 


7.50 

8.00 

8. 50 

9.00 i 

46 

7.25 

9.00 

8.25 

8. 25 

8. 50 

8.00 

8. 75 

9.00 

9. 25 : 

47 . 

7. 00 

8. 00 

8. 25 

7. 75 

8. 00 


8.00 

9.00 

9.00 ! 

48 

6.00 

7.50 

8.00 

8.00 

7.50 

6. 75 

7. 75 

8. 50 

8.00 

49 

7.50 

8.00 

8. 25 

8. 00 

8.00 

7. 75 

8. 25 

8.50 

9.00 , 

51. 

7. 75 

8. 25 

8.50 

8. 25 

8. 00 

8.00 

9.00 

9. 00 

9. 25 I 

52. 

7.00 

8. 50 

8. 50 

7. 75 

8. 25 

7. 75 

8. 50 

9. 50 

8. 50 I 

54... 

6. 25 

8.00 

8.00 

7. 25 

7.00 

7.00 

8. 00 

8. 50 

8.00 j 

55 

6. 25 

8.00 

7. 75 

7. 00 

7. 75 

7.00 

8. 00 

8. 50 

8.25 


0. 50 

7. 25 

7. 50 



7. 00 


8. 00 

8.50 ' 

57 

6. 50 

8.00 

7. 50 

7. 50 


7. 75 

7. 75 

7.50 

8.25 ; 

58 

7.00 

8. 50 

7. 75 

8. 00 

8. 00 

7. 50 

8. 50 

9.00 

9.00 

59 

7.00 

7. 75 

8. (K) 

7. 75 


7.00 

7.75 

9.00 

9.00 ! 

60 

7. 00 

8. 25 

8. 25 

7. 50 

8. 00 

7.00 

8. 75 

8. 50 

8. 50 

61 

7. 25 

8.00 

8.00 

7. 25 

8. 25 

7. 00 

8. 25 

8. 00 

8.75 | 

62 

6. 75 

7. 75 

7. 75 

7. 50 

7. 75 

7.00 

7. 50 

7. 75 

8.50 

66 

7. 50 

8. 25 

8. 75 

8.25 

8.00 

i 7.25 1 

8. 25 

8.50 

8.50 

67 

6.25 

8.25 

7, 50 

8.00 

8.00 

8.75 

| 8.50 

8. 50 

8. 50 : 

68 

5.75 

8.00 

7.75 j 

8. 25 

7. 75 

7.25 

! 8.25 

8.50 

8. 50 : 

69 

6. 50 

8.00 

7. 75 1 

8. 25 

8.00 

7.75 

8. 25 

8. 50 

8. 50 j 

70 

6.25 ! 

l 8.25 

8. 00 : 

! 8.25 

8.00 

7.00 

8. 25 

8. 25 

8.00 : 

72 

6. 50 1 

1 8.75 

8. 75 j 

8. 50 

8.00 

7.50 

9. 00 

9.00 

7. 75 

73 

7. 50 

8. 50 

8.00 ; 

8.25 

1 

7.75 

9.25 

9. 25 

9. 00 

74 

7.00 

I 8. 25 

8.00 

! 8.75 

8.50 j 

7.50 

8. 50 

8. 75 

8. 50 , 

76 

7.00 

| 8.00 

7. 50 ; 

; 8.25 

8. 25 i 

7. 25 

8.25 

8. 25 

8. 50 | 

77 . 

7. 50 i 

; 9.00 

8.50 1 

8. 75 

8. 75 

7.50 j 

9. 50 

9. 75 

9.00 

78 . 

6.50 j 

! 8.25 

7.75 | 

8. 25 

8.00 

7.50 | 

i 8.50 

9. 25 

9.00 i 

79 

7, 75 

8. 50 

8. 00 

| 8. 75 

9.50 

8.00 

i 9.00 

9. 25 

9. 50 j 

80 

6.75 

| 8. 25 

7.75 

[ 8.00 

8.00 

7.75 j 

jj^wj 

8. 25 

8.50 j 

Mean of 

1 

1 




! 

! 



crosses 

6.86 

1 8. 17 | 

8. 02 

8.0J 

8.07 

1 7. 46 ; 

i 8.37 | 

8. 65 

8.64 ; 

Plant height 



■ 


i 

| 




of parent °. 



7.00 

7.00 

7.00 

5.33 1 

! 

7.83 | 

7. 67 

7.33 


75 

Mean 

of 

crosses 

riant 
height 
of par- 
I ent « 

8.25 

8.08 

I 5. 00 

8. 25 

8. 45 

1 7. 67 

8. 75 

8. 19 

1 6. 50 

7. 50 

7. 55 

! 7. 17 

8.25 

8. 15 

! 7.00 

8. 75 

8. 48 

7. 17 

8.25 

8. 25 

6. 67 

8. 25 

7. 62 

5. 67 

8.00 ! 

7. 65 

(>. 17 

7. 75 

7.50 

6. 33 

8.00 

7.64 

8. 50 

8. 50 

8. 18 

6. 17 


7.91 

j 6. 50 

8. 25 

8. 00 

i 6. 83 

8. 25 

7. 90 

! 6. 00 

8. 00 

7. 62 

! 6. 00 

8.00 

8. 12 

| 6. 33 

7. 50 

8. 00 

I 7.00 

7. 50 

7. 75 

5. 67 

8. 50 

8.00 | 

7. 33 

7. 75 

7.80 

6. 67 

8. 25 

8. 20 ! 

7. A* 

8. 50 

8.44 

7. 33 

7. 75 

8. 15 i 

7. 17 

8.00 

7.92 j 

7. 67 

8.25 

8.65 | 

8. 33 

8. 00 

8. 10 | 

7.00 

8. 50 

8. 68 ! 


7.50 ; 

7.90 S 

7. 17 


8.11 *8.03 

7.3:i 


* The data on the parent lines are not comparable with those on the crosses. 
b Mean plant height for all crosses in this group. 

The data on plant height are given in Table 23. The coefficient of 
correlation between parents and the means of their crosses was 
0.53 ±0.08. Of the various lines shown, line 41 was outstanding in 
that all of its crosses were short. It is possible that this line was 
homozygous for dominant genes determining short stature. The 
lines other than 41 differed but little in the mean heights of their 
Fi crosses. Even so, there were consistent tendencies in the crosses 
by certain lines. As an example, the mean height of crosses for line 
64 was 0.91 foot greater than that of line 63. These two lines were 
used in 27 pairs of comparable crosses, and in 25 pairs the cross by 
line 64 was the taller. 

The data on percentage of ears moldy are recorded in Table 24. 
The parent progeny correlation for this character was only 0.25 ± 0.11 
and can not be considered significant. The detailed data, however, 
show that the crosses by different inbred lines exhibited wide differ- 
ences and very definite tendencies in regard to the percentage of 
moldy ears in the harvested crop. Nearly all of the crosses by some 
lines had a high percentage of moldy ears, whereas in others the per- 
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centage was low. In the 24 pairs of comparable crosses by line 53 
and by line 75, all of the crosses by line 53 had lower percentages of 
moldy ears. In the 24 pairs of comparable crosses by line 53 and by 
line 43, 23 of the crosses by line 53 had the lower percentages of 
moldy ears. 

Table 24. — Percentage of earn moldy in the F\ crosses between inbred lines from the 
later varieties of yellow corn compared with the parent lines 

[1926 comparison of crosses) 





Crossing-block Nos. of parent lines 




Per- 













cent- 

No. of parent 
line 











M ean 
of 

age of 
moldy 

41 

42 

43 

| 50 

53 

03 

64 

65 

71 

7, 

crosses 

ears 
in par- 




" 










ent a 

45 

15. 7 


23.9 

8.0 


15. 1 

0. 0 

32.3 

12.3 

.,9 

13.4 

26.4 

4«. 

7. 0 

14.8 

8. 2 

1 5. 9 

3. 2 

14.0 

8.3 

0. 8 

4. 7 

10. 9 

9.0 

5.5 

47 

0 

14. 5 

22. 4 

4.0 

0. 7 


8. 0 

7.2 

4.0 

13.8 

9.0 

24. 3 

48 

17. 3 

0.0 

21. 4 

12. 5 

4. 5 

25. 0 

21.9 
9. 1 

9. 2 

12. 9 

36. 0 

10. 7 

40. 5 

49 

4.8 

0. 9 

9. 0 

5. 3 

7.8 

15. 5 

8.3 

0. 2 

17.8 

9. 1 

22.8 

51 

6. 0 

8. 1 

11.3 

8. 3 

3. 0 

12. 4 

13. 0 

17.9 

13. 1 

12.0 

10. 5 

30.8 

52 

11.5 

7.2 

17.7 

7. 1 

8. 9 

18. 1 

7.9 

10. 5 

9. 9 

21. 1 

12.0 

21.3 

54 

7. ft 

ft. 0 

31.0 

7. 5 

1. 9 

13.-1 

10.3 

11. 1 

8. 4 

14.5 

11.2 

22.0 

55 

2(1. 5 

9. 9 

27. 0 

7. 4 

19. 4 

24. 1 

0. 8 

19. 8 

12. 3 

21. 1 

17.4 

30.4 

50 

3. 7 

15.3 

11.2 



9.0 


9.9 

4. 2 

0. 7 

8. 0 

20. 4 

57 - - 

5. 0 

ft. 8 

8. ft 

8. 5 


11.5 

8. 4 

18. 0 

3. 7 

12.4 

9.3 

7.3 

58 

4. 5 

7. 7 

17. 5 

2.8 

7. 0 

0. 4 

4. 2 

5. 8 

4. 2 

11. 2 

7. 1 

73.4 

59 

7. 9 

3. 5 

4. 8 

7. 0 


11. 5 

9. 8 

0. 0 

4. 5 


7. 0 

?1. 9 

GO 


ft. 8 

11.1 

12. 2 

5. 7 

19. 0 

3. 0 

10.4 

7. 0 



10.5 > 

9. 2 

30. 1 

61 

3 ! i i 

10. 3 

8. 7 

3.0 

9. 0 

10. 0 

7. 0 

7.0 

0. 3 

10. 0 1 

8. 1 

20. 9 

02 

7. 1 1 

8.3 

12. 1 

0.3 

2. 4 

12.3 

3.3 

7.4 

7. 1 

; 4. 5 ; 

7. 1 

26.4 

06... 

18. 7 

14. 0 

12.7 

8.4 

5. 4 

12. 2 

17. 9 

13.8 

14. 7 

1 38. 4 ; 

15. 0 

20. 7 

67 

9. 2 

7.9 

22.4 

10. 4 

7.7 

15.2 

5. 8 

14. 1 

11.3 

22.0 | 

13. 3 

12.7 

<18. 

8.0 

9.0 

19. 0 

4. 0 

4.8 

0.8 

2. 7 

4.3 

0. 1 

9. 8 1 

7.0 

13. 1 

09 

(1.7 

14.9 

22. 5 

14.5 1 

13. 1 

24. 1 

11.8 

17.8 

14.3 

! 20. 7 

16. 0 

38. 5 

70., ! 

19. 2 

9. 5 

27.7 

: 13.3 

2. 7 

20.8 

18.0 

23.8 

11. 1 

; 29.5 

17. 0 

23.9 

72 

0.5 

9.4 

24. 9 

9. 8 

3.8 

10. 0 

9. 1 

8.0 

8. 0 

i 18.7 

11.5 

17. 5 

7IJ_. I 

3. 1 

10. 2 1 

15. 1 

9. 0 


5.9 

4.0 i 

3.5 

4. 2 

j 12.4 

7.0 

19. 1 

74 j 

11.7 

9.0 ; 

24. 4 

4.0 i 

8. 2 

14. 2 • 

11.4 

8.5 I 

9. 7 

1 35. 4 

13.8 

34.8 

7(i„ „ - - - j 

7. 5 

12.8 : 

20.9 

7.4 

5.0 
8. 0 

10. 7 

8.2 
9.8 : 

7.8 I 

3. 5 

i 14. 4 

11.0 

14. 0 


12.0 

10. 2 ' 

42.2 

i 15.5 

22.9 ; 

12. 0 

10.9 

25. 7 

17. 7 

20. 2 


4.8 

5.4 

10.8 

0. 7 i 

7. 4 

5.7 ; 

11.2 i 

8. 3 j 

8.7 

11.8 

8.7 

3. 1 


10. 1 

10. 1 i 

13. 0 

4.7 

0 

0. 7 

10. 1 

5. 5 i 

7.9 

23.4 

9. 2 


80 i 

9. 7 

8.0 

10. 8 

8.0 i 

5. 0 

14.9 

10. 2 ! 

10. 2 j 

9.7 

20.4 

11.4 

’"'25.' 0 

Mean of j 













efnsses j 

9. 0 

9.0 

18. 1 

8.2 1 

0.3 

14.3 ’ 

9.2 

11.3 

8.3 j 

18. 2 

b 11.3 


Percentage of ! 
moldy ears | 
for parent °.j 







I 


i 

14. 4 





9.0 

9.0 1 

7.7 

25.0 | 

23.2 

18.4 

04. 5 







1 

1 

' 






• The data on the parent lines are not comparable with those on the crosses, 
fc Mean percentage of ears moldy for all crosses in this group. 


The data in this table afford good illustrations of how certain inbred 
lines may transmit uniformly to their offspring, characters that they 
do not themselves express. For example, line 58 had the highest 
percentage of moldy ears (73.4), and yet the mean percentage of 
moldy ears for the crosses by this line was lower than the mean for 
comparable crosses by any other line except those by line 59. More- 
over, all of the individual crosses by line 58 were low in percentage of 
ears moldy, with the exception of that with line 43. 
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Table 25. — Ear-shape index {diameter -^length) for the Fi crosses between inbred 
lines from the later varieties of yellow corn compared with the parent lines 

[1926 comparison of crosses] 


No. of parent 
line 

Crossing-block Nos. of parent lines 

Mean 

of 

crosses 

Ear- 
shape 
index 
of par- 
ent « 

41 

42 

43 

50 

53 

63 

64 

65 

71 

75 

45... 

0. 207 

0. 218 

0. 203 

0. 204 


0. 240 

0, 163 

0. 187 

0. 224 

0. 233 

0.209 

0. 178 

46 

.228 

.232 

.210 

.226 

0. 260 

. 261 

. 195 

.214 

.238 

.242 

.231 

.270 

47.. 

. 240 

.270 

. 222 

. 239 

. 258 


. 201 

. 200 

. 261 

. 238 

. 236 

. 296 

48 

.227 

.221 

.200 

.230 

. 248 

. 254 

. 196 

. 187 

.242 

.234 

.224 

.221 

49 

.225 

.246 

.230 

. 219 

.244 

. 269 

.212 

. 198 

.269 

.240 

. 235 

.298 

51 

.241 

.261 

. 239 

. 237 

.2.58 

. 269 

.220 

.224 

.277 

. 257 

.248 

.296 

52 

.243 

.244 

.220 

.223 

.228 

. 261 

.212 

.203 

.274 

.253 

.230 

.268 

54 

.229 

. 238 

. 230 

.224 

.252 

. 280 

.224 

. 200 

. 254 

.239 

.237 

. 255 

55 ..... 

.253 

.276 

.252 

. 256 

. 274 

.312 

. 234 

.222 

.282 

.268 

.263 

.377 

56 

.242 

.253 

.219 



. 295 


. 197 

.256 

.266 

.247 

. 267 

57 . . 

. 265 

. 267 

. 244 

. 249 


. 259 

. 217 

. 292 

. 274 

. 269 

. 260 

. 354 

58 

. 250 

.251 

.234 

.252 

. 262 

. 282 

. 215 

. 202 

. 264 

.264 

.248 

.328 

59 ... 

. 258 

.243 

. 211 

. 244 


.269 

. 207 

. 193 

. 251 


. 234 

. 272 

60. .... 

.236 

.275 

. 241 

.249 

.272 

.275 

. 217 

. 219 

.257 

.246 

.249 

. 293 

61 

. 205 

.220 

. 204 

. 197 

.221 

. 245 

. 185 

. 187 

.250 

.232 

1 .215 

.270 

62 .... 

.275 

.269 

.270 

. 253 

.300 

. 326 

. 237 

.235 

.296 

.274 

. 274 

. 305 

66.. ... 

. 239 

.240 

. 224 

.246 

. 263 

. 289 

. 225 

. 207 

.287 

.289 

. 251 

.335 

67 

.208 

.219 

.210 

.209 

. 230 1 

.227 

. 168 

. 178 

224 

! .228 

.210 

i . 230 

68 .. 

.227 

. 235 

.204 

.215 

.235 

.260 

. 188 

. 180 

. 244 

I . 235 

. 222 

.242 

69 

. 253 

.267 

.245 

.243 

. 270 1 

.291 

.225 

.232 

! . 279 i 

! . 260 

. 256 

.273 

70 

.262 

.266 

.223 

.243 

.263 ! 

. 299 

.209 

.208 

. 266 

. 268 

. 251 

. 288 

72 

. 253 

. 285 

.262 

. 256 

.296 

.308 

. 236 

. 219 

. 290 | 

.300 , 

. 270 

. 337 

73 

.268 

. 249 | 

.247 

.258 

1 

.320 

.240 

.239 

.315 1 

.269 

.267 

. 367 

74 

.231 

.241 

.217 

.224 

.223 | 

.240 

. 218 

. 194 ! 

.279 1 

| • 274 1 

.234 

.274 

76 

. 283 

.266 

.233 

. 255 

.271 | 

.321 

.219 

| .211 I 

.271 ! 

1 .251 j 

.258 

.284 

77 

.262 

.267 

.241 

. 252 

.267 i 

.293 

.221 

. 209 | 

. 266 | 

.264 

.254 

.313 

78... 

.222 

.242 j 

.218 

. 207 

. 228 | 

. 256 

. 183 

. 183 ! 

.239 

. 224 

.220 

. 259 

79 

. 254 

. 255 

. 215 

. 236 

.222 ! 

.246 

. 197 

1 . 188 j 

.267 | 

.247 i 

. 233 


80.. 

. 239 

.239 

.22 4 

. 240 

. 230 ! 

. 266 

. 21. 'f 

. 210 | 

. 263 | 

. 254 j 

. 238 

”'.‘279 

Mean of 













crosses 

| .242 

.2.50 

.227 

. 235 i 

. 253 

. 275 

. 210 

. 208 j 

.264 

.254 

fc.242 


Ear-shape in- 




1 









dex of par- 








1 





ent 



. 237 

. 240 

. 338 

. 360 

. 207 

. 199 I 

. 305 

. 286 











i 






° The data on the parent lines are not comparable with those on the crosses. 

6 Mean ear-shape index for all crosses in this group. 

The data on ear-shape index are shown in Table 25. The corre- 
lation between parent and mean of crossbred progeny was 0.85 ± 0.03. 
Ear-shape index was obtained by dividing the mean ear diameter by 
the mean ear length. A large index indicates an ear whose diameter 
was large relative to its length, whereas a small one indicates a 
relatively long slender ear. The index means for the crosses by 
various inbred lines ranged from 0.275 for line 63 to 0.208 for line 65. 
The data in Table 1 show that most of this difference was due to the 
difference in ear length. The mean ear length for the crosses by line 
65 was 5 cm. greater than that for the crosses by line 63, whereas 
the mean ear diameter of the crosses by line 63 was only 0.15 cm. 
greater than that of the crosses by line 65. 

The data on the mean number of kernel rows per ear are recorded 
in Table 26. The correlation between the parent and the mean of 
crossbred progeny was 0.88 ± 0.03. The correlations for this character 
were uniformly high in all of the three yield groups for which it was 
computed. (Table 13.) The mean number of kernel rows per ear 
for the individual crosses listed in Table 26 ranged from 12.1 to 21.7. 
The means for the crosses by various inbred lines ranged from 14.0 
to 18.8. The different inbred lines exercised very definite effects 
pn their crosses. Line 64 produced crosses with relatively low num- 
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bers of kernel rows per ear, whereas line 63 produced crosses with 
relatively high numbers of kernel rows per ear. These two inbred 
lines were used in 27 pairs of comparable crosses, and in every pair 
the cross by line 63 had a higher number of kernel rows per ear than 
that by line 64. The numbers of kernel rows for these 27 pairs of 
comparable crosses and for the parent lines 63 and 64 are shown 
graphically in Figure 3. 



cjeosswr, -fl/ocx ecsr #t/sfg£#s me zm&s /rrnv i/ws t> t */v/> 6+ ceoss/to 


Fi(«i’kk 3. -Number of kernel rows p< r ear in the co’mparable crosses of several inbred lines with 
line 03 and with line 64, and the numbers of kernel rows in the parents 

Table 26. — Mean number of kernel rows per ear for the F\ crosses between inbred 
lines from the later varieties of yellow corn compared with the parent lines 

[1926 comparison of crosses) 


Crossing-mock Nos. of parent lines 


No. of parent _ 

line ' i 

41 42 ! 43 


4 5. 15.3 13.4 j 13.5 

46 10. I 15.9 16.0 

47 16.5! 10.0 j 16.2 

48 15.7! 15.5 j 14.5 

49 15. 5 : 15. 1 i 15.6 

51 15.7 14.8 j 15.6 

52. 16.8 16.0 1 16.6 

54- 15.6 15.1 ! 15.8 

55 17.6 16.3 | 18.1 

56 16.1 15.8 16.6 

57 16.6 17.4 1 16.8 

58 18.3 16.4 ! 17.3 

59 19. 3 17. 9 i 18. 5 

60 17.4 17.4 i 17.6 

61 15.5 15.7! 16.1 

62 17.9 16.6 j 17.0 

mi.-.. 16.3 16.5 j 16.5 

67 15.7 16.0 ! 16.6 

68 16.0 14.9 j 16.4 

69 16.8 16.1 17.3 

70 19.6 18.9 19.3 

72 17.9 17.4 18.5 

73 19.0 17.2 I 18.3 

74 16.7 16.1 17.0 

76 18.7 17.9 18.0 

77 18.6 17.7 17.6 

78 15.1 15.3 15.8 

79 17.2 17.1 16.1 

80 _ 16.0 15.5 15.2 

Mean of 

crosses 16.9 16.3 16.7 

Kernel rows of 

parent • - 13. 6 


50 

53 

| 63 

64 

65 

13.8 


! 15. 6 

12. 1 

13. 2 

16. 5 

15.8 

16. 8 

! 14. 4 

15. 3 

15.4 

16. 5 


13. 9 

15. 9 

14. 6 

15.4 

ir>. 7 

j 13. 0 

14.0 

14. 5 

15.2 

16. 7 

13. 7 

14. 8 

14.8 

14.0 

16.0 

13. 3 

14.3 

15.8 

16. 1 

17. 8 

14.3 

15. 9 

15.4 

14. 7 

16. 1 

13.4 

14. 3 

15. 2 

16.4 

18.9 

14. 5 

16. 7 

- 


17.5 i 


15.0 

15. 7 


17.0 

14. 5 

19.0 

17.9 

16. J 

18.6 

15.0 

10. 8 

16. 5 


18.4 

14. 7 

16. 0 

17. 7 

16.9 

20. 1 

15.5 

16.4 

15. 1 

! 13.8 

16.9 

13. 6 

14. 6 

17.0 

17.1 

19.4 

15.1 i 

17.0 

15.8 

1 5. 6 

17.7 

14. 1 

15. 2 

16. 3 

14.7 

16.8 

13.4 

15.2 

14.9 

14.9 

17.3 

14. 1 

15.9 

16.6 

16.4 

18.4 

14.7 

15. 1 

18.9 

18.9 

21.7 

15.3 

17.5 

17.9 

17.3 

19.2 

15.7 

17.3 

18.8 


20.8 

15.8 

18.4 

16.9 

15. 5 

18.2 

14.9 

16.0 

17.7 

17.3 

20.8 

16.0 

17.1 

17.9 

16.5 

18.9 

16.0 

16.5 

14.7 

14. 1 

16.3 

13.6 

15. 1 

17.9 

17.2 

18. 1 

15. 3 

16.9 

14.9 

15.4 

18.1 

14.3 

14. 7 

16.2 

15.9 

18.0 

14.4 

15. 9 

15. 1 

13.0 

19.0 

12.1 

14.6 


14.5 

10.9 

16.9 

15.9 


17. 6 

17.8 
U 5 

17.6 
18.0 

18. 6 

16.8 
18.2 
17. 1 
16. 1 

16.3 
16.8 

18.7 

19.4 

19.5 
17. 5 
18.2 
18.0 

16.4 

18.5 

16.7 


17.2 

15.9 


• The data on the parent lines are not comparable with those on the crosses. 

* Mean number of kernel rows per ear for all crosses in this experiment. 



Mean 

Kernel 


rows 

75 

of 

crosses 

of par- 
ent a 

14.3 

14. 0 

| 10. 6 

16.2 

16. 0 

j 16.0 

16.0 

15. 9 

13. 9 

14.0 

14.9 

12.4 

15.2 

15.2 

J 14. 7 

15.2 

14.9 

1 13. 8 

10.9 

16.4 

14.3 

14.9 

15. 1 

12.9 

17.8 

16.9 

17.5 

16. 6 

16. 5 

15.5 

16. 5 

16.8 

16.4 

17. 5 

17. 2 

16.4 


17. 4 

16.0 

16.3 

17.4 

17.4 

15. 5 

15. 4 

12. 7 

16.7 

17. 2 

16.8 

15. 9 

16. 1 

16.7 

15.0 

15.6 

13. 7 

15. 1 

15. 6 

14.2 

16.5 

16. 5 

15. 5 

IK. 8 

18.8 

20.4 

17. 7 

l 17.8 

21.0 

18.2 

18.4 

19.3 

16.4 

16.5 

14.2 

18.2 

18. 1 

17.6 

18.3 

17. 5 

18.3 

15.2 

15. 2 

12.9 

18. 1 

17.3 


15. 4 

15.6 

16.4 

16.4 

6 16. 4 


15.2 
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DISCUSSION 

The relations studied may be considered more conveniently in 
groups comprising (1) correlations among characters within a single 
generation, (2) those between characters in the inbred parent lines 
and the same characters in the crossbred progenies, and (3) correla- 
tions between the various characters in the inbred parents and the 
yield of the crossbred progenies. The interpretation of the individual 
coefficients of correlation was discussed as the data were presented. 
Emphasis here will be placed upon the more general relations. 

The coefficients of correlation among characters within the same 
generation indicate the extent to which the different characters 
were associated under the conditions of the experiment and the rela- 
tive ease of obtaining various combinations of characters. Of the 
correlations within inbred lines and within F! crosses, always within 
the same generation, those of yield with the other characters are of 
most interest. The different characters (indicated by their symbols) 
which were correlated significantly with yield are listed in Table 27. 

Table 27. — Different characters (■ indicated by their symbols) which were correlated 

significantly with yield 


Inbreds, crosses, and individual parents compared 


Characters correlated signifi- 
cantly with yield 


Positively 


Negatively 


Within the inbred lines - - - 

Within the Fi crosses . . 

Individual crosses and parents (192(5 comparison of crosses) 

Individual parents and mean yields of crossbred progenies (1920 and 
1927 comparisons of crosses). 


ENOPS | BCDQ. 

A BE FG NO PS IRQ. 

ABEFGNOPX ___! Q. 

EFGX i Q. 


In general, characters indicating vigor and size were correlated 
positively with yield in the inbred lines and in the crosses. The 
apparent exception, the reversal of relation for date of silking (B) 
in the two groups, probably is due to the fact that late silking among 
inbred lines frequently reflects a lack of inherent vigor. In the 
crosses, on the other hand, date of silking is more largely a measure of 
relative earliness. The negative relation of yield and shrinkage of 
the harvested ears (C) in the inbred lines is another expression of this 
condition. The negative relation between yield and ear-shape index 
(Q) shows clearly that in these experiments the larger yields were 
composed of relatively long, slender ears. 

The coefficients of correlation between characters in the inbred 
parent lines and the same characters in the crosses show the extent 
to which these parental characters were expressed in the crosses. 
They are of importance, therefore, in determining those characters 
for which selection in the inbred lines was more and less effective as 
a means of obtaining them in the crosses. These correlations fail 
to bring out differences in the prepotency of the different parent lines. 
Such differences can be observed only from detailed comparisons of 
the crosses of the individual parent lines. 

All of the correlations between the same characters in the parent 
and in the progeny were positive. Those between characters of the 
inbred parents ana the means for the same characters in the crossbred 
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progenies (Table 13) were very high, and indicate that, on an average, 
the characters of the^ parent were very definitely expressed in the 
crossbred progeny. Some parent lines impressed upon their cross- 
bred progeny certain characters not expressed in the parents. In 
general, however, it appears that those inbred lines should be selected 
as parents whose characters conform most closely to those desired in 
the cross. 

The coefficients of correlation between various characters in the 
inbred parent lines and the yield of the crossbred progenies indicate 
the degree to which these characters in the inbred parent influence the 
yield of the crossbred progeny. The different parental characters 
(indicated by their symbols) which were correlated significantly with 
yield of the crossbred progeny are listed in Table 27. 

The positive correlations between yield in the crosses and so many 
of the characters in the inbred line which are indicative of plant vigor 
are encouraging. Most lines that have been inbred for a number of 
generations are lacking in vigor and productiveness to a degree which 
would make the commercial production of seed expensive. These 
correlations indicate that the most productive crosses may be expected 
from the most productive inbred parents. Large yields from the 
inbred parents will, of course, make, for the most economical pro- 
duction of crossed seed. 

There may be two more or less distinct objects in comparing inbred 
lines in different crossbred combinations: (1) To locate high-yielding 
individual Fj crosses and (2) to locate inbred lines which give relatively 
high yields in all combinations. The immediate use intended for the 
inbred lines will determine the object of any particular comparison. 
If two inbred lines are wanted for use in an Fj cross for commercial 
corn production, then the highest yielding combination may be 
desired. If the inbred lines arc to be used in double crosses, multiple 
crosses, or in synthetic varieties, however, those lines which produce 
relatively high yields in practically all crossbred combinations would 
be the more promising. 

Neither of two inbred parent lines which happen to “nick.” well 
need carry many dominant favorable factors. It is only necessary 
that the few such factors they do carry supplement each other. It 
would not be expected, however, that such a condition would result 
in these lines producing high-yielding crosses in many different com- 
binations. Inbred lines which produce high yields in most of the 
crosses in which they are used either must carry a few uncommon 
but important dominant favorable factors which supplement those 
brought in by the general run of inbred lines in the experiment, or 
they must carry many of the common dominant favorable factors. 
In either event, the highest yields would be expected to be found 
among the crosses between lines both of which produced high-yielding 
crosses in many combinations. 

From the data presented on yield (Tables 15 to 19), it is evident 
that inbred lines differ greatly in their ability to produce high-yielding 
crosses. Some inbred lines (14, 25, 66, 112, and 135) produced high- 
yielding crosses in practically all combinations. Other lines (10, 31, 
68, 102, and 141) produced some high-yielding crosses and some low- 
yielding crosses. Still other lines (3, 21, 67, 104, and 159) produced 
crosses practically all of which were low-yielding. Those lines whose 
crosses had low mean yields produced few high-yielding individual 
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combinations. In discarding these lines on the basis of the means 
of their crossbred progenies, therefore, there would be small chance 
of eliminating superior germ plasm. What has been said of yield is 
true also of the other characters studied. 

The uniformly high yields of the crosses of some of the inbred 
lines are very encouraging as an indication of what may be expected 
from the corn-breeding program under way. The prepotency shown 
by the different lines in their F! crosses suggests that even after only 
three or four generations of selling the lines must be homozygous for 
many of the factors that make for yield and other desirable characters. 
The higher yielding crosses do not appear to have been random com- 
binations but occurred very definitely among the crosses by certain 
outstanding parent lines. On the basis of these yield comparisons, 
it seems possible to predict with reasonable assurance that future 
crosses by some of the lines tested will outyield comparable crosses 
by many of the other lines, so that the latter may be discarded without 
danger of serious loss. F urthermore, the crosses among the better lines 
retained should be more productive, on an average, than those so far 
compared, and new combinations among the better parent lines from 
the different groups may be superior to any so far obtained. 

SUMMARY 

Coefficients of correlation are reported (1) among characters 
within the same generation in inbred lines of corn and in F, crosses 
between inbred lines, (2) between characters of the inbred parent 
lines and the same characters in the crossbred progeny, and (3) be- 
tween characters of the inbred parent lines and the yield of the cross- 
bred progeny. 

Within the inbred lines yield was correlated significantly and posi- 
tively with plant height, number of ears per plant, ear length, ear 
diameter, and shelling percentage, and it was correlated significantly 
and negatively with date of silking, shrinkage of the harvested ears, 
chlorophyll grade, and ear-shape index. 

Within the Fi crosses yield was correlated significantly and posi- 
tively with date of tasseling, date of silking, plant height, number of 
nodes per plant, number of nodes below ear, number of ears per 
plant, ear length, ear diameter, and shelling percentage, and it was 
correlated significantly and negatively with percentage of plants 
smutted, percentage of ears moldy, and ear-shape index. 

Positive correlations between characters in the inbred parents and 
the same characters in the crossbred progeny were obtained for all of 
the 19 different characters studied. The correlations between char- 
acters of the inbred parent and the mean values of the same characters 
in the crossbred progeny were sufficiently high in many cases to be 
of value for predictive purposes. 

Yield of the Fx cross was correlated significantly and positively 
with the following characters in the parents: Date of tasseling, date 
of silking, plant height, number of nodes per plant, number of nodes 
below ear, number of ears per plant, ear length, ear diameter, and 
yield. It was correlated significantly and negatively with ear-shape 
index in the parents. 

The mean yield of the crossbred progeny was correlated significantly 
and positively with plant height, number of nodes per plant, number 
of nodes below ear, and yield of the inbred parent line. 
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Different inbred lines showed marked differences in prepotency for 
practically all of the characters studied. 

The high-yielding crosses do not appear to have been chance com- 
binations but occurred very definitely among the crosses by certain 
outstanding parent lines. 

The extreme productivity of the crosses of some of the inbred lines 
included in these experiments is promising and indicates what may 
be expected from this program of corn breeding. 
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EXPERIMENTAL STUDIES OF THE ETIOLOGY OF 
COMMON WARTS IN CATTLE 1 

Bv G. T. Creech 

Associate Veterinarian , Pathological Division , Bureau of Animal Industry , United 
States Department of Agriculture 

OCCURRENCE 

The common wart, Verruca vulgaris , has been described as a 
specific type of epithelial overgrowth, non malignant in character. 
It is well known that warts are of common occurrence in animals and 
in man. Adults may be alfected, but the young are evidently far 
more susceptible to these cutaneous growths. 

Warts may occur on any part of the body, but in different species 
they seem to have certain preferred locations. In bovines the primary 
location of the warts depends somewhat on the age of the animal. 
In cows the warty growths are usually found on the teats or some other 
part of the udder, while in calves or yearlings the growths most 
frequently have their origin on parts of the head, sides of the neck, 
or shoulders. Occasionally the warts in young cattle may spread 
from the point of origin to other parts, as the sides, back, or abdomen, 
eventually involving large areas of the skin surface. 

In calves these warty growths may become large and pendulous, 
sapping the strength and greatly inhibiting the growth of the animal 
affected. In some cases warts disappear spontaneously without 
apparent cause or without recourse to treatment of any kind. 

ECONOMIC IMPORTANCE 

As no figures are available it would be difficult even to approximate 
the total number of cattle affected annually with warts. It may be 
stated, however, that available data on the number of warty hides 
encountered in some of the larger slaughtering establishments indicate 
that the affection is probably increasing. One of the large slaughtering 
establishments has estimated that from 15 to 25 per cent of the hides 
have been found affected at certain periods, particularly during the 
summer season. 

As to the damage caused by warts, tanners state that the final 
effects of such growths on the hides of cattle are somewhat similar 
to those observed in “grubby” hides; i. e., holes are found in the 
hides after tanning, rendering the parts affected practically worthless. 
The total number of warty hides found annually is unquestionably 
large, and, since these hides are greatly reduced in value, the yearly 
loss is sufficiently large to make it of considerable economic importance 
to the leather industry of the country. 

1 Received for publication Mar. 29, 1929; issued November, 1929. 
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SUGGESTED CAUSES 

As in other types of neoplastic growths, different theories have 
been advanced relative to the cause of warts. Various forms of exter- 
nal irritation, such as injuries, chemical irritants, etc., have been 
suggested as causes of warty growths. Following the theory of injury 
as a possible cause, some have claimed that warts are seen more 
frequently in branded than in unbranded cattle. Some pathologists, 
as Ewing (#), 2 for example, consider warts to be of the nature of inflam- 
matory proliferations. 

PREVIOUS EXPERIMENTS 

It is commonly believed at present that warts are infectious, 
and the fact that investigators have been able to transmit them experi- 
mentally from animal to animal and from man to man indicates 
that the belief is probably well founded. 

A study of the literature shows that very little experimental work 
has been done in this country on the transmission of warts in animals. 
In Europe, however, a number of experiments have been recorded. 
M’Fadyean and Hobday (4), were successful in reproducing warts 
in the region of the mouths of dogs by means of experimental inocula- 
tions. Roy&re (5) successfully transmitted warts in different species 
of animal, including the horse, dog, and calf. Schultz (6) mentions 
an experiment in which intracutaneous inoculations were made on 
the hands of three persons with wart material from the udder of a 
cow, resulting after a long period of incubation in small, warty 
growths at the points of inoculation. 

A number of experiments have been recorded in which warts have 
been produced, particularly in human beings, by intracutaneous 
injections with filtrates of wart material. Ciuffo ( 1 ) produced warts 
in a single case in man by inoculation with wart filtrate that had 
passed through a Berkefela N candle. Wile and Kingery (7) trans- 
mitted warts in a number of cases, in human beings, by intradermic 
inoculations with sterile filtrates of wart material, Kingery (3), 
continuing these experiments, was also able to produce warts in the 
second generation with filtrates. While experimental warts may 
have been produced in animals also, by inoculations with wart 
filtrates, the writer has been unable thus far to find any record of 
such experiments. 

PRESENT EXPERIMENTS 

Since it had apparently been satisfactorily proved by previous 
experiments that warts could be transmitted from animal to animal 
in different species, including the bovine, the experiments here de- 
scribed were undertaken to ascertain with what degree of frequency, or 
regularity, it would be possible to transmit such growths m cattle, 
and, more particularly, to obtain information with regard to the 
nature of the etiological factor involved. 

A series of intracutaneous inoculations of cattle with emulsified 
wart material from different species was undertaken and a like 
number of inoculations were made with filtrates obtained from 
the same series of wart specimens. A limited amount of bacterio- 
logical work was also included in the experiments. 

* Reference is made by number (italic) to “Literature cited,” p. 737. 
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SOURCE OF WART MATERIAL 

The wart specimens of bovine origin, used for inoculation purposes, 
were obtained from cattle-slaughtering establishments at Chicago, 
111., and Fort Worth, Tex. The specimens were received at different 
times and usually only one or two specimens at once. Although 
the points of origin of the cattle from which the specimens were 
obtained are not known, it is probable that these animals came from 
widely separated sections of the country. 

EXPERIMENTAL ANIMALS 

On account of their susceptibility it was thought best to use only 
young cattle, so far as possible, for inoculation purposes. Con- 
sequently, with the exception of two adult cows, all the animals 
used were calves, ranging in age from 5 to 12 months. Most of the 
calves, however, were from 6 to 8 months of age at the time of inocu- 
lation. 

The inoculations were made from time to time as fresh wart 
material became available, and extended over a period of approxi- 
mately one year. In all, 22 cattle wore used in the experiments. 

PREPARATION OF WART MATERIAL FOR INOCULATION PURPOSES 

Each specimen of warty skin was first thoroughly washed under 
running tap water for several minutes to remove accumulations of 
dirt, necrotic material, etc. A number of the warts, large and small, 
were next clipped from the skin, including a small portion of the latter 
at the base of the growths. The warts were cut into small bits and 
thoroughly ground up, with a small amount of sterile, physiologic 
salt solution, in a sterile mortar. More of the salt solution was then 
added and the material permitted to stand for a number of hours, 
or overnight, at refrigerator temperature. 

The fluid portion of the emulsified wart material was then poured 
off. A portion of this constituted the unfiltered material used for 
inoculation, and the filtrate was obtained in each case by passing the 
remaining portion of the fluid, or wart extract described above, 
through a bacteria-retaining filter, Berkefeld N candle, under negative 
pressure. 

Cultural tests of the filtrates were made for sterility, aerobically 
and anaerobically, with uniform negative results. 

TECHNIC EMPLOYED IN ANIMAL INOCULATIONS 

Small areas of the skin, at the base of the ear and on the side of 
the neck near the shoulder were chosen for inoculation. (Fig. 1.) 
The hair over the area to be inoculated was removed by clipping 
and shaving, and the skin was washed with soap and water and 
rinsed with distilled water. Just before the inoculations were made 
the excess moisture was removed from the shaved surfaces with 
sterile absorbent cotton. 

The inoculation procedure was the same with both the unfiltered 
materials and filtrates. The skin was scarified over an area from 
1 to 2 inches in diameter and small amounts of the wart fluid applied 
to the surface. At the same time a few drops of the fluid were 
injected intradermically, at a number of different points, with a 
fine hypodermic needle. 

All the experimental animals were kept isolated during these 
experiments. 
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CULTURAL TECHNIC 

The technic followed in culturing the warts was as follows: 

The under surface of the skin at the base of the warts was rendered 
sterile by searing with a hot spatula. Small blocks of the wart 
tissue were obtained by cutting into the base of the warts with a 
sterile knife. The pieces of wart tissue were then transferred to 
both aerobic and anaerobic culture media and incubated at 37.5° C. for 
several days. 

DISCUSSION OF EXPERIMENTAL RESULTS 

For the sake of brevity the experimental results have been con- 
densed by arranging the findings for the individual animals from 
month to month in tabular form. (Tables 1 and 2.) While the 
tables show only the monthly progress of the experiments, observa- 
tions of the experimental animals were made at more frequent 
intervals. The tables show 11 experimental animals in each group. 

By referring to Tables 1 and 2 the reader will observe that positive 
results were obtained in the animals inoculated with both the filtrates 
and unfiltered wart emulsions from five of the nine original wart 
specimens used for inoculation purposes. In two cases positive results 
were obtained only in the calves inoculated with the unfiltered mate- 
rial, and inoculations from specimens CH 2 and FW 3 gave entirely 
negative results. The two mature cows used in the experiments were 
inoculated from the FW 3 specimen. 

Inoculations made from experimental warts on calf 1403 (fig. 2) 
gave positive results with both the filtrate and the unfiltered wart 
material, blit when inoculations were made from experimental-filtrate 
warts on calf 1402, the second transfer of the warts was accomplished 
only with the filtrate. (Figs. 3 and 4.) 

In comparing the inoculation results in the two groups of experi- 
mental animals the reader will note that a slightly higher percentage 
of positive results was obtained with the unfiltered wart material 
than with the filtrates. Attention may also be called to the fact that 
in a few cases the experimental warts appeared earlier, and seemed 
to show more rapid development, in the calves inoculated with the 
unfiltered material, than in those inoculated with filtrates from the 
same source. This may be taken to indicate that the filtrates were 
rendered less active as a result of the filtering process. 

However, until we have more definite knowledge regarding the 
etiological factor involved, it is difficult to explain any apparent 
variations in the results in the two groups of experimental animals. 

The experimental warts which attained a fair stage of development 
were typical in their clinical appearance, and those examined histo- 
logically showed a structure (figs. 5 and 6) characteristic of papil- 
lomatous growths. 

In regard to the detailed studies made, it is desired to direct especial 
attention to only two of the experimental calves, Nos. 1402 and 1403. 
These calves were both inoculated from wart specimen FW 2, 1402 
with the wart filtrate, and 1403 with the unfiltered wart material; 
this was the only instance in which both calves inoculated from the 
same wart specimen showed well-developed experimental warts, thus 
giving opportunity for comparative study of the filtrate warts and 
those produced with the unfiltered wart material. The culturing of 
the experimental warts in these two calves gave negative bacterio- 
logical results in both cases. 
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Figure 2.— Experimental warts produced on calf 1403 by inoculation. A, Warts on ear: B. well- 
developed growth at site of inoculation on neck. (Natural size) 
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Fiovre 5,— Section of wart, specimen CH 1, showing typical structure of bovine warts used in 

original inoculation. X 80 
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After successfully producing experimental warts with sterile wart 
filtrates the writer saw no practical value in continuing bacterio- 
logical studies of such growths. 

A histological comparison of warts from cases 1402 and 1403 shows 
some rather interesting differences. (Figs. 7 and 8.) In case 1402 
there is a marked proliferation of the fibrous structure, the vessels are 
more numerous, and there is a very noticeable hyperkeratosis. The 
epithelial tissue is rather limited in this case. 

Case 1403 shows typical hypertrophy of the papillae, the increase in 
the epithelial tissue being very noticeable. The cornified epithelium, it 
will be noted, is rather scant in this case. The histological variations 
noted in these two cases are rather interesting but not easily explained. 



Figure 7.- -Section of experimental wart from calf 1402, produced by Inoculation with wart 

filtrate. X 40 


While it is generally conceded that warts maybe transmitted through 
experimental inoculations, there are some who question the infectious 
nature of these growths. Ewing ( 2 ) states: “ There are numerous 
clinical observations suggesting the contagiousness of warts, but on 
analysis they can be dismissed as examples of the transfer of peculiar, 
chemical irritants, or exposure to the same irritant, or the actual 
transfer of proliferating epithelial cells . ” The possibility of producing 
warty growths by transplanting proliferating epithelial cells is, of 
course, entirely eliminated in those cases of experimental warts pro- 
duced by inoculations with filtrates^ asshdwn in Table 2. 
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That any possible chemical substance causing an original wart 
should remain sufficiently toxic or irritating, after being greatly 
diluted, subjected to the filtering process, etc., prior to each inocula- 
tion, to cause definite warty growths, seems to the writer to be some- 
what questionable, especially so when the second generation of such 
growths is produced. 

On the other hand, Wile and Kingery (7) are of the opinion that 
“the clinical evidence in favor of an infectious agent in the causation 
of warts is extremely suggestive,” and add that the appearance of 



Figure 8.— Another section of experimental wart from calf H02 showing a histological structure 
slightly different from that shown in Figure 7. x 40 


the so-called daughter warts following larger warts, the appearance 
of warts on contiguous surfaces, and the occurrence of groups of 
individual warts lend color to this view of the contagious nature of 
common warts. The results of the present experiments seem to be 
more in accord with the view of the last-mentioned investigators, 
and tend to substantiate the belief that the causative agent in common 
warts of cattle partakes of the nature of a filterable virus. 

SUMMARY AND CONCLUSIONS 

Definite positive results were obtained in 15 out of a total of 22 
cattle imociuated with filtered or unfiltered wart material. Eight of 
the calves giving positive results were inoculated with the unfiltered 
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wart material and seven with the wart filtrates. The results obtained 
indicate that common warts in cattle can be experimentally trans- 
mitted to bovines under 1 year of age with a fair degree of regularity. 

It was also demonstrated that filtrates of bovine warts, proved by 
cultural tests to be free from cultivable microorganisms, were capable 
of producing papillomata when inoculated intracutaneously into 
healthy cattle, and that warts produced by filtrate inoculations may 
be successfully transmitted in the second generation. 

The results of the filtrate experiments seem to justify the con- 
clusion that the causative factor in common warts of cattle is probably 
of the nature of a filterable virus. 
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CHANGES IN THE PECTIC CONSTITUENTS OF APPLES 
IN RELATION TO SOFTENING 1 


By M. H. Haller 2 

Assistant Pomologist , Office of Horticultural Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

One of the principal changes that takes place in apples as they ripen 
on the tree and in storage is the softening of the flesh of the fruit. 
In recent years many studies have been made on the ripening and 
storage of apples (I0), 3 and in these the softening of the fruit has been 
given major consideration. In general, it has been found that there 
is a gradual, though somewhat irregular, softening of the fruit on 
the tree as it becomes mature. This softening continues in storage 
and is the outstanding change that takes place during the process of 
ripening, the fruit changing from the hard unripe condition to the 
relatively soft, eating-ripe condition, and finally to the very soft, 
mealy, overripe condition. The rate at which softening takes place 
in storage depends primarily upon the temperature at which the 
apples are kept. For a number of^varieties the rate of softening 
at 40° F. was found to be slightly more than double that at 32°, 
whereas that at 50° was slightly less than double that at 40°, and that 
at 60° was nearly double the rate at 50°. 

In these studies (10) a fruit pressure tester (9) was used to measure 
the firmness of the apples. This tester records the pressure in pounds 
necessary to force a plunger seven-sixteenths of an inch in diameter 
into the fruit a distance of five-sixteenths of an inch. In penetrating 
the fruit the tester crushes some of the cells and separates and pushes 
aside others. The firmness of the apples as measured by the pressure 
tester is probably due priecipally to three factors — the size of the 
cells and intercellular spaces, the thickness of the cell walls, and the 
ease with which the cells separate. The laSt two factors are of 
particular interest in relation to the studies herein reported, as the 
thickness of the cell walls depends on the thickness of the cellulose 
or substance of which they are composed and upon the thickness of 
the layer of cementing substance or pectic material of the middle 
lamella, while the ease with which the cells separate depends upon 
the amount of pectic material cementing them together. All three 
factors might play a part in the softening of the fruit on the tree. In 
storage, however, there would be no further increase in the size of 
the cells and intercellular spaces, and softening should be due to 
changes in the thickness of the cell wall and the ease with which the 
cells separate. 

The studies reported in this paper were undertaken to obtain a 
better understanding of the underlying chemical changes that take 
place in apples during the softening process. 


1 Received for publication Apr. 13, 1929; issued November, 1929. 

2 Acknowledgment is made to J. R. Magness, of the Office of Horticultural Crops and Diseases, Bureau 
of Plant Industry, for helpful suggestions and criticisms during the progress of this work. 

3 Reference is made by number (italic) to “Literature cited,” p. 746. 
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REVIEW OF LITERATURE 

In the recent literature dealing with the pectic material in fruit, 
particularly in apples, the following pectic substances have been 
recognized: Pectin, which is water soluble and is derived from pro- 
topectin probably by enzyme action; protopectin or pectose, which is 
water insoluble; and the pectic substance of the middle lamella, 
which is also water insoluble. The total pectic substances really 
include all three of these, but in this paper only the pectin and 
protopectin are included as the pectic substance of the middle lamella 
was not determined. 

Several investigators have found softening in fruit to be associated 
with changes in the pectic material in the cell walls and middle 
lamella. Carr£ ( 8 , 4 ) made extensive studies of the pectic materials of 
apples in storage. She associated ripening in storage with an increase 
in pectin and a corresponding decrease in protopectin (pectose), the 
total pectic materials remaining constant. In the latter stages of 
storage in which the fruit becomes mealy and breaks down she 
observed a breaking down of what she termed the “pectic substance 
of the middle lamella.” She found that during this period there is a 
temporary increase in protopectin, which again decreases. These 
changes were observed to take place more rapidly at higher tem- 
peratures. Similar results were observed by Carr6 and Horne ( 6 ) 
when microchemical methods were used. With peaches, Appleman 
and Conrad ( 1 ) found that there was a decrease in protopectin and a 
corresponding increase in pectin with ripening in storage, the rate 
of these changes increasing with the temperature. When the fruit 
ripened on the tree very little change was noted in the pectic mate- 
rials. Emmett (#), working with pears, obtained similar results. 
At 1° C. the development of pectin was greatly retarded, as was 
also the softening of the fruit. Appleman and Conrad { 2 ) found an 
increase in pectin and a decrease in protopectin with increased maturity 
of tomatoes while on the vine. In canned tomatoes a close relation- 
ship existed between the amount of disintegration and the ratio of 
pectin to protopectin. 

From the investigations discussed above it would seem that the 
cell walls are thickened and cemented together by an insoluble 
pectic material, usually protopectin. As softening takes place the 
protopectin is changed to a soluble form, thus permitting the cells 
to separate readily and decreasing the thickness of their walls. 
These changes are accelerated by an increase in temperature. 

In the investigations previously cited no measurements were made 
of the firmness of the fruit, except with tomatoes (#), under the 
various conditions of the experiments. It was the purpose of the 
present investigation to determine to what extent the changes in 
the pectic materials of apples are responsible for the softening of the 
fruit as measured by the pressure tester. 

METHODS 

The determination of the pectic materials (pectin, total pectic 
material, and protopectic) was carried out according to the method 
desciSbod by Carr£ and Haynes (4, 5 ) with some modifications. 

A composite sample of at least 20 apples was used for each deter- 
mination. The firmness of the fruit was first determined by means 
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of the pressure tester. The fruit was then pared and cored, and the 
flesh was run through a sampling press (7) which macerated the 
tissue to a fine pulp. 

The soluble pectin was determined in two ways, as follows: 

1. Samples of 100 gm. of pulp were frozen overnight. After thaw- 
ing, the juice was pressed out through muslin. The pulp was then 
repeatedly washed with cold water until no appreciable amount of pectin 
remained. Preliminary investigations had shown that seven wash- 
ings with 150 to 200 milliliters of water were sufficient to accomplish 
this. The juice and the first washing were combined, as were also 
each additional two washings. They were then brought to a boil, 
cooled, and made to a, 500-ml. volume. After filtering, aliquots of 
sufficient size to yield if possible 0.02 to 0.03 gm. of calcium pectate 
were transferred to beakers, diluted to 300 ml., made alkaline with 100 
ml. of 0.1 normal sodium hydroxide, and allowed to stand overnight. 
They were then acidified with 50 ml. of normal acetic acid, and the 
calcium pectate was precipitated by the addition of 50 ml. of molar 
calcium chloride. The precipitate was then brought to a boil, filtered, 
and washed with hot water until free from chlorides. The precipitate 
was washed back into the beaker, boiled, filtered again, and washed. 
It was then washed into a small tareS beaker, dried, and weighed. 

2. Portions of the pulp were frozen overnight. After thawing, 
the juice was pressed out through muslin. Definite volumes, 100 
ml. of the juice were brought to a boil, cooled, and made to a 
500-ml. volume. After filtering, aliquots of sufficient size to yield 
0.02 to 0.03 gm. of calcium pectate were used, and from this point the 
determinations were carried on as in the first method. 

In Tables 1 and 2 the two methods are compared. The soluble 
pectin in the pulp was obtained by the first method, while that in the 
juice was obtained by the second. As the results by both methods 
were practically the same, the second method, which was much 
shorter, was used in the later determinations. 

The determination of the total pectic substances was carried on as 
follows: The juice from 100-gm. samples of pulp was pressed out 
through muslin, and the pulp was washed with cold water to remove 
the organic acids and most of the soluble pectin. The juice and the 
wash water were combined, brought to a boil, cooled, and made to 
volume. The residue was then transferred to a flask, covered with 
1/75 normal hydrochloric acid, and boiled for an hour under a reflux 
condenser. The solution was then pressed out through muslin 
and made to a 500-ml. volume. Extraction of the residue with 
1/75 normal hydrochloric acid was repeated twice. After filtering, 
aliquots of eacn extraction of sufficient size to yield, if possible, 0.02 
to 0.03 gm. of calcium pectate were used, and the determinations were 
carried on from this point as for soluble pectin. 

Protopectin was obtained by subtracting the soluble pectin from 
the total pectic substance. 

EXPERIMENTAL DATA 

SOFTENING ON THE TREE IN RELATION TO PECTIC CHANGES 

The data on the relation of softening of fruit while on the tree 
to the changes in the pectic constituents are presented in Table 1 
and Figure 1. The amount of soluble pectin in apples as they ripen 
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on the tree is very small and remains practically constant. As the 
fruit softens there is a gradual decrease in the percentage of proto- 
pectin and a corresponding decrease in total pectin in the Ben Davis 
apples. In the Jonathan, however, the pectic changes during the 
first period are negligible even though there is a softening of 6.5 
pounds. During the second period the changes correspond to those 
in the Ben Davis apples. Although the percentage of protopectin 
decreases, it is probable that the actual amount does not decrease 
but seems to be less because of the increased size of the fruit. Soften- 
ing on the tree appears to be associated in part with the apparent 
decrease in the protopectin content. Other factors, such as increase 
in the size of the cells and intercellular spaces, may be the principal 
!>nes responsible for softening in the rapidly growing fruit. 



Figi'KE 1. — Pectic changes during softening of apples on the tree. Solid line represents Ben Davis 
in 1926; broken line, Jonathan in 1927 


Table 1 . — Softening of apples on the tree in relation to changes in pectic 

constituents 

[Pectic substances expressed as calcium pectate in percentage of fresh weight] 


Variety of apple and date of test 


Ben Davis: 

Sept. 1, 1926- . 
Sept. 17, 1926 
Oct. 14, 1926. 
Jonathan: 

July 22, 1927. 
Aug. 22, 1927- 
Sept. 14, 1927. 


Pressure 

test 

Soluble 

In Juice 

s pectin 

In pulp 

Proto- 

pectin 

Total 

pectic 

sub- 

stances 

Pounds 

Per cent 

Per cent 

Per cent 

Per cent 

23. 6 

0.038 

0.048 

0. 851 

0.899 

21. 7 

. 052 | 

.053 

. 765 

.818 

18. 4 

.051 

.047 

.668 

.715 

21. 1 

.033 


. P07 

.840 

14. 6 

.037 1 


.796 

.833 

11.9 

.034 | 


.673 

.707 
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SOFTENING IN STORAGE AT 32° F. IN RELATION TO PECTIC CHANGES 

Ben Davis, Winesap, and two pickings of Jonathan were used to 
determine the relation of softening in storage at 32° F. to pectic 
changes. As softening took place there was a gradual increase in 
total pectic materials (Table 2 and fig. 2) in Ben Davis and Winesap 
apples, whereas in Jonathan the total pectic materials remained 
fairly constant but showed a slight decrease. There was a gradual 
decrease in protopectin with softening in all varieties except for the 
last determination on Ben Davis and Winesap apples, when there 
was an increase. These increases may have been due in part to loss 
of water by the fruit, which showed considerable shriveling. It is 
more probable, however, that they were due to the formation of 
protopectin from the so-called pectic substance of the middle lamella 



Figure 2 .--Pectic changes and softening of apples in storage at 32° F. Broken line repre- 
sents Jonathan I in 1927; dotted line, Jonathan II in 1927; solid line, Ben Davis in 1926; 
(lot-solid line, Winesap in 1926 


described by Carr6, as the increases in both protopectin and total 
pectic substances were greater than would be expected, from loss of 
water, especially as there was no corresponding increase in pectin. 

Fruit stored at 32° F. showed a regular increase in soluble pectin, 
due principally to the hydrolysis of protopectin. In contrast, fruit 
allowed to ripen on the tree showed no change in soluble pectin 
during the softening process. 

There was no relation between the firmness of the three varieties 
and their pectic constituents. Jonathan, which was much softer 
when picked than Winesap and Ben Davis, had a higher protopectin 
and total pectin content. 

The total pectic material and soluble pectin were at all times lower 
in the later picking of Jonathan than in the earlier picking, while the 
protopectin was nearly equal in the two pickings at the various 
stages of softening. 
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Table 2. — Softening of apples in storage in relation to changes in pectic constituents 
[Pectic substances expressed as calcium pectate in percentage of fresh weight] 


Variety of apple and date of test 


Temper- 

ature 


Ben Davis: 

Oct. 14, 1926 «_ 
Jan. 31, 1927... 
Apr. 6, 1927... 
July 18, 1927... 
Winesaps; 

Oct. 27, 1926 «. 
Feb. 14, 1927.. 
Apr. 22, 1927.. 
July 22, 1927— 
Jonathan 1: 

Aug. 22, 1927 • 
Oct. 3, 1927— 
Nov. 14, 1927- 
Dec. 21, 1927- 
Mar. 1, 1928... 
Jonathan II: 

Sept. 14, 1927 “ 
Oct. 14, 1927— 
Nov. 16, 1927- 
Dec. 21, 1927- 
Mar. 3, 1928- 
May 2, 1928- - 
Jonathan I: 

Aug. 22, 1927 ° 
Sept. 16, 1927- 
Oct. 6, 1927— . 
Oct. 24, 1927- 
Dec. 17, 1927.. 
Jonathan I: 

Aug. 22, 1927 ° 
Sept. 8, 1927- 
Sept. 26, 1927- 
Oct. 26, 1927— 
Jonathan I: 

Aug. 22, 1927 “ 
Aug. 26, 1927.. 
Aug. 31, 1927- 
Sept. 9, 1927- 
Sept. 30, 1927.. 


°F. 


32 


32 


32 


32 


40 


50 


60 


Pressure 

test 

Soluble pectin 

Proto- 

pectin 

Total 

pectic 

sub- 

stances 

In juice 

In pulp 

Pounds 

Per cent 

Per cent 

Per cent 

Per cent 

[ 18.4 

0.051 

0. 047 

0.668 

0.715 

1 12.9 

.216 

.214 

.587 

.801 

1 10.9 

.250 

.262 

.552 

.814 

l 9.8 

.221 

.228 

.656 

.884 

f 18.0 

.036 

.060 

.504 

.564 

1 14.6 

. 154 

.175 

.436 

.611 

1 12.5 

.202 

.231 

.371 

.602 

l 11.1 

.263 

.275 

.425 

.700 

f 14.6 

.037 


.796 

.833 

| 13.6 

.032 


.760 

.792 

\ 11.0 

.166 


.579 

. 745 

8.7 

.223 


. 561 

.784 

l 7. 5 

.225 


.508 

.733 

11.9 

.034 


.673 

.707 

12.0 

.018 


.687 

.705 

11.0 

.063 


.618 

.681 

9.3 

.107 


.574 

.681 

8.4 

.130 


.560 

.690 

7.7 

.158 


.452 

.610 

f 14.6 

.037 


.796 

.833 

13.5 

.055 


.705 

.760 

\ 9.7 

. 159 


.627 

.786 

8.5 

.229 


.447 

.676 

1 7.7 

.252 


.435 

.687 

f 14.6 

* .037 


.796 

.833 

1 13.2 

.048 


.737 

.785 

] 8.7 

.237 


.454 

.691 

[ 7.2 

.278 


.384 

.662 

14.6 

.037 


.796 

.833 

14.8 

.015 


.730 

.745 

14.2 

.017 


.681 

.698 

9.3 

.185 


.549 

.734 

7.5 

.270 


.408 

.678 


• Date picked and placed in storage. 


SOFTENING IN STORAGE AT VARIOUS TEMPERATURES IN RELATION TO 
PECTIC CHANGES 

Fruit from the second picking of Jonathan was placed in storage 
at 32°, 40°, 50°, and 60° F. Determinations were made at intervals, 
and the data are presented in Table 2 and Figure 3. 

There was some irregularity in the percentage of total pectic sub- 
stances and protopectin at the various temperatures. In general, 
there was a tendency for the amount of total pectic substances to 
decrease slightly with softening. There was a decrease in proto- 
pectin with softening, as shown in Figure 3, from more than 0.8 per 
cent at the start with a pressure test of 14.6 pounds to slightly less 
than 0.45 per cent at 40°, 50°, and 60°, and 0.53 per cent at 32° F., 
when the fruit tested 8 pounds. A very consistent increase in soluble 
pectin occurred at all temperatures, with softening from 0.04 per 
cent at the start to about 0.25 per cent when the fruit tested 8 pounds. 

That the rate of softening is proportional to the rate at which the 
protopectin is converted into pectin is shown in Table 3. In storage 
at 32® F., J00 days were required for the fruit to soften from a pressure 
test of 14.6 pounds, the hard-ripe condition at picking time, to 10 
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pounds, which represents a full-ripe condition. At the same time the 
protopectin decreased from 0.796 to 0.585 per cent and the pectin 
increased from 0.037 to 
0.195 per cent. Using 
the conditions found at 
32° storage as standards 
for comparison with those 
at the other temperatures, 
it was found that at 40° 
it required 42 days to 
reach the same condition 
of softness, and 44 and 
51 days, respectively, for 
the corresponding changes 
in the protopectin and 
pectin to take place. At 
50° it required 29 days 
for the pressure test to 
become 10 pounds, and 27 
and 31 days, respectively, 
to reach 0.585 per cent 
protopectin and 0.195 per 
cent pectin, while at 60° 
the corresponding changes pounds ppcssupc 

took place in 16, 15, and f KiURK 3. — Pectic changes and softening of Jonathan apples in 
in dove 1 -iionoAtiralw storage at different temperatures. Solid line represents 32° 

1 y Clays, respectively . * circle-solid line, 40°; broken line, U 0°; dotted line, 60° 



Table 3.— Comparison of rate of softening of apples in storage with rate of change 
in percentage of protopectin and pectin at different temperatures 


' 






Temperature 

Days required to reach— 

°F. 

°C\ 

Pressure 
test of 10 

Proto- 

pectin 

content 

Pecti n 
content 
of 0.195 
per cent 



pounds 

of 0.585 
per cent 

32 

0 

100 

100 

100 

40 

4. 4 

42 

44 

51 ‘ 

50 

10.0 

| 29 

27 

31 

60 

15. 5 

16 

15 

19 


At the time the first determination was made on the fruit stored 
at 60° F. there was a slight increase in firmness which was associated 
with a slight decrease in pectin and a considerable decrease in proto- 
pectin and total pectic substances. With this exception, the changes 
in the pectic constituents at the various temperatures were propor- 
tional to the rate of softening at each temperature. 

SUMMARY AND CONCLUSIONS 

The relation between the softening of the fruit on the tree and in 
storage, as measured by a mechanical pressure tester, and changes in 
the pectic constituents of the fruit was studied, and from the data 
obtained the following conclusions seem justified: 
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Softening on the tree as apples approach maturity is to some extent 
associated with a decrease in the percentage of protopectin and a 
corresponding decrease in total pectic substances, whereas the pectin, 
which is present in very small amounts, remain constant. Softening 
on the tree can not be entirely accounted for by changes in the pectic 
constituents. 

The relative firmness of different varieties of apple likewise can not 
be accounted for by differences in their pectic constituents. 

Softening in storage is apparently due to the conversion of insoluble 
pectic substances, principally protopectin, into soluble form. The 
rate of conversion at different temperatures is proportional to the 
rate of softening. 
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THE TENDENCY OF THE CROWN-GALL ORGANISM TO 
PRODUCE ROOTS IN CONJUNCTION WITH TUMORS 1 


By Nellie A. Brown 

Associate Pathologist, Office of Horticultural Crops and Diseases , Bureau of Plant 
Industry , United States Department of Agriculture 

INTRODUCTION 

In his early work with the crown-gall organism, Bacterium tume - 
faciensy Erwin F. Smith made definite reference to the production of 
roots by the apple strain of that organism {20)} Later, when writing 
about the analogy of plant to animal cancer through the formation 
of teratomata (17, 18), he described and pictured many leafy shoots 
on or along the sides of tumors produced by inoculating tobacco, 
Bryophyllum, and geranium with several different strains of the 
organism. He attributed these abnormal leafy shoots, flower buds, 
and root formations to the kind of tissues inoculated, together with 
the growth conditions of the plant at the time of inoculation, and he 
thought that the diffusible products of the bacteria within a growing 
tumor could stimulate surrounding uainoculated tissues to multiply. 
His interest in showing the analogy of plant to animal tumors in- 
fluenced him to work along the more striking line of shoot production. 

The stimulation to root production by the various strains of 
Bacterium tumejaciens has been somewhat overlooked. This state- 
ment does not refer to the apple strain, however, which has been 
recognized since 1908 as a strain that produces a mass of roots (fig. 1) 
when it enters a wounded or poorly grafted apple root. Some in- 
vestigators maintain that there are two types of apple strain, one 
that produces only tumors and another that produces only masses 
of roots. In the writer's opinion, which is based on years of observa- 
tion and investigation, there is only one apple strain, and in this 
paper, which deals largely with the apple strain, the crown gall and 
infectious hairy root of apple are considered as the same disease, 
which manifests itself as a tumor, a mass of roots, or a combination 
of both. It happens that in those cases where roots occur in clumps 
without a definite tumor, inconspicuous swellings are usually present. 

REVIEW OF LITERATURE 

In his work with crown gall, which embraced hundreds of experi- 
ments in orchards and nurseries, Iledgcock (3) in 1905 established 
the pathological effect of crown gall on orchard trees. He produced 
many cross infections with minced galls from peach, apricot, almond, 
apple, chestnut, and other trees by inserting pieces in wounds on 
seedling trees planted in sterile soil, and found that by this method 
he could produce infection readily on some hosts. The apple, how- 
ever, was infected with difficulty, and when galls of the apple were 
transferred to other fruit trees infection occurred only on a limited 
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PiGtrR* 1.— -Hairy root on Windsor apple from Nebraska. Photographed November, 1927. One- 

half natural size 
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number of hosts (4). Hedgcock noted a marked difference in the 
susceptibility of different varieties of apple trees to crown gall and 
he found that infection on some varieties tended to the gall type and 
on others to the hairy-root type. He did not establish the cause 
of these outgrowths on fruit trees. He reported that not all the 
malformations on apple trees were due to an infectious agent, 
but that many were caused by poor grafting unions which resulted 
in an excess of callus formation (5). 

In 1907 the bacterial origin of the crown gall on the Paris daisy 
was established by Smith and Townsend (19), and the causal organism 
was named Bacterium tumejaciens. In 1911 it was further deter- 
mined that the organism had the ability to cause tumor growths on 
plants in many unrelated families. One of these hosts was the 
apple, on which the disease was manifested by a definite gall or a 
small outgrowth from which a mass of roots projected (20). 

The malformations on apple stems reported years ago in England 
are considered by horticulturists there and by Charles F. Swingle 
in the United States as varietal characteristics. They have been 
designated as burr knots (2, 8 , 21). 

The writer made many attempts to isolate Bacterium tumejaciens 
from burr knots on apple but without success (1). Undoubtedly 
there are outgrowths on apple stems caused by Bad. tumejaciens , 
but the writer believes that the burr knot or stem tumor of apple is 
produced by some other agent. 

Studies of outgrowths on grafted apple trees and proof of the 
production of callus formation without the intervention of Bac- 
terium tumejaciens , and other related crown-gall investigations, have 
been carried on by Riker, Keitt, Melhus, and Muncie, working alone 
or in groups ( 6 , 7, 9 , 10, 11, 12, 13, 14). They induced overgrowths 
on grafted apple trees at the scion tips, using aseptical methods with 
the stock and scion cuttings to reduce as far as practicable or com- 
pletely eliminate the presence of any organism. In their isolation 
studies with apple galls they obtained what appeared to be Bad. 
tumejaciens colonies on poured plates, but except in a very few cases 
inoculations with subcultures failed to produce the outgrowths 
necessary for proof. The percentages ran low even when isolations 
were made from 100 to 200 and more apple galls. The plants used for 
testing the pathogenicity of these isolations were mostly tomato, 
but tobacco and geranium were also used. These three are all hosts 
on which it is difficult to produce tumors with the apple strain, 
although tumors are produced readily on them with some other 
crown-gall strains. In fact, there is no quick way of testing the 
pathogenicity of Bad. tumejaciens isolated from apple crown gall. 
The Paris daisy, Impatiens balsamina , and string-bean stems have 
been found by the writer, as noted elsewhere in this paper, to become 
infected with the apple strain in less time than is required to produce 
outgrowths on the apple stems, but usually three to seven weeks 
must be allowed even for these hosts. 

Recently Siegler (16) also isolated Bacterium tumejaciens from 
galls on apple trees and proved its pathogenicity by producing 
roots and outgrowths on apple and various other hosts. His isola- 
tions also showed the slowness and inadequacy of the apple strain 
in producing definite roots and sizable tumors on tobacco, geranium, 
ana tomato plants. 
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As shown in some of the publications cited, the malformations on 
apple trees are classified under several names, the one called nonin- 
fectious hairy root being considered by some workers the most 
prevalent type. 

Riker, Banfield, Wright, and Keitt (15) recently isolated from 
apple crown gall an organism which produced roots when inoculated 
into apple trees but which failed to produce infection on tomato 
plants. They inoculated 15 strains isolated from 15 different sources 
into young apple shoots, and all produced roots; the organism was 
reisolated from the enlargements at the bases of these roots. This 
the writer considers the typical apple strain of crown gall, which will 
not infect tomato, or at least will not produce a conspicuous infec- 
tion, until it has passed through and been isolated from another 
host. What Riker and his associate call a root-stimulating organism, 
as though it were unrelated to crown gall, is the apple strain, which 
in reality is a root-stimulating organism. The apple strain showed this 
tendency in 1908 when the writer first isolated it from both galls and 
hairy roots on apple trees. It possesses this strain difference just 
as it also possesses similarities to other strains of crown gall, and the 
writer does not think it should be placed under any new classification. 

THE APPLE STRAIN OF BACTERIUM TUMEFAC1ENS 

ROOT-PRODUCING ABILITY 

The general tendency of the crown-gall organism isolated from 
an apple tree naturally infected with hairy root is to produce roots 
when inoculated into an apple tree (figs. 2, A a, and 3, B), but it can 
produce definite tumors (fig. 2, A b) and some flat outgrowths cov- 
ered or partially covered with root primordia (fig. 2, D). 

This ability of the apple strain to stimulate the production of 
roots is not confined to infections on the apple tree, for it readily 
stimulated root production on stems of the Paris daisy (fig. 4, Aa, 
A6), Bryophyllum (fig. 5, Ba), and sugar-beet root (fig. 6, A). Not 
every successful inoculation produces roots, and a tumor may form 
without roots, as is shown on the Bryophyllum. (Fig. 5, B&.) 
Sugar beets inoculated with the apple strain produce roots as the 
usual type of infection, but frequently thero are tumors of various 
sizes present. Figure 6, B, shows a definite tumor produced on a 
sugar beet inoculated with the hop strain and, growing in the same 
bed, a sugar beet inoculated at the same time with the apple strain. 
(Fig. 6, A.) 

Tumors without roots were produced on rose and bean plants by 
the same culture that produced roots on daisies and sugar beets. 
Inconspicuous root primordia were present on the tumors, but 
the surfaces were not covered by them. 

An organism isolated from a natural rootless tumor of apple 
produced roots and definite sizable tumors on Paris daisy stems. 
(Fig. 5, D and C.) It also produced definite tumors on apple trees. 
(Fig. 3, C.) An organism isolated from an induced tumor (without 
roots) on an apple tree can produce both tumors and roots. This 
was proved by inoculating sugar beets with such an isolation. Masses 
of roots occurred at the inoculation places on eight of them, and in 
addition tumors occurred on four. 
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Figure Z.-~ A, The peach strain of Bacterium tumefaciens inoculated into a growing stem 
of an apple tree. Time, five months. Three-fourths natural site. B, Apple tree inoc- 
ulated at crown with organism isolated from the hairy-root type of infection, showing 
hard tumor and masses of roots. Time, nearly five months. Reduced in size. O, 
Apple tree inoculated at crown with organism isolated from tumor on apple without 
the root masses, and in this case producing only tumors. Time, two months. Reduoed 
in size. The same isolation produced masses of root primorala on Paris daisy stems 
v (flg. 5, I>) and a definite tumor with roots on Paris daisy at crown (fig. 5, C) 
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Figure 4.— A a, and A6, Paris daisy stems inoculated with the organism isolated from 
hairy root of Windsor apple shown in Figure 1, November 23, 1927. Photographed 
March 3, 1928. X nearly 2. B, Tobacco stem inoculated with rose strain of Bade - 
Hum t umefaciem showing tumor with root primordia. Time, two months. X nearly 
2. C, Tobacoo stem inoculated with peach strain of Bad. tumefaciens showing tumor 
with roots. Time two months. Natural size 
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Figure 5.— A, Bryophyllum pinnatum inoculated with the hop strain of Bacterium tumefaciens, 
showing tumor and roots. Time, three months. X nearly 5. B, Bryophyllum pinnatum inoc- 
ulated with the apple hairy-root strain of Bad. tumefaciens. The stem with the tumor and no 
definite roots, B6, was inoculated with the original isolation colony. The stem with roots, B<z, 
was inoculated with a reisolation colony on the same date. Time of both, five months. 
Natural size. C, Tumor with roots on Paris daisy produced by inoculating the crown with an 
organism isolated from a definite tumor on apple (in distinction from hairy root). Time, 10 
months. Natural size. Figure 8, O, shows the same isolation inoculated into apple crown. 
D, THnnor and masses of root primordia produced by inoculating stems of Paris daisy with the 
same organism used to produce C. Time, eight months. Natural size 




Nov. ib, 1929 Crown-Gall Organism Produces Roots and Tumors 


755 



Figure 6. — A, Sugar beet inooulateci with the apple hairy-root strain of Bacterium 
tumefacien8, March 27, 1928. Photographed June 23, 1928. Tumors and roots pro- 
duced. B, Sugar beet inoculated with the hop strain at the same time and photo- 
graphed on the same date as A. Only a tumor prodifeed. Natural sire 
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THE APPLE TREE AS A HOST 

The apple tree is a less favorable host to the crown-gall organism 
than the peach and apricot, on whose tender cortex tumors form 
more readily. But it is not entirely due to the less tender tissues of 
apple that tumors or hairy roots form more slowly on it than on peach 
and apricot. The appearance of tumor growths on rapidly growing 
apple seedlings inoculated with the apple strain usually requires 
two months, which is twice as long, or even longer, than the time 
required for tumors to appear on peach or apricot trees inoculated 
with the peach and apricot strains of Bacterium tumefaciens . Even 
the active peach strain when inoculated into apple trees is a slow 
tumor producer, but it is much more rapid than the apple strain. 
(Fig. 3, A.) The slowness of the peach strain in producing tumors 
on apple trees may be due to the more acid condition of the apple 
stem, as indicated by the pH, 4.6. The peach stem has a pH value 
of 4.8. The tests of both peach and apple stems were made near 
the close of the summer, however, and there might have been a 
wider difference in the pH values had the tests been made at some 
other time of the year. 

The slowness of the apple strain in producing tumors on its native 
host is characteristic of its action on the other hosts to which it is 
infectious. When young, quickly growing daisy plants are inoculated 
with the apple strain by using subcultures soon after isolating, the 
tumors or roots do not appear even as swellings until six or seven 
weeks have elapsed, and growth continues slowly. Figure 4, Aa and 
A b show daisy stems three and one-half months after inoculation with 
this strain. The peach, daisy, apricot, gooseberry, pecan, honeysuckle, 
and some other strains show infections on the daisy within a week 
and sometimes less after inoculation. The hop strain will not pro- 
duce a tumor on the daisy, although the daisy strain will produce a 
tumor rather readily on tne hop root or stem. 

The apple strain isolated from the hairy root illustrated in Figure 
1 did not produce so many infections on its natural host as did the 
peach, hop, and daisy strains on theirs. These last three strains may 
produce 90 to 100 per cent infection. A weakly pathogenic colony of 
the apple strain may produce less than 20 per cent infection on apple 
trees, and an infectious colony 40 to 50 per cent. The same colony 
mav cause 60 to 70 per cent infection (or even more) on Paris daisy 
and Impatiens balsamina . Reisolation colonies from apple-crown 
gall on daisy produce as high as 80 per cent infection. Ten infectious 
reisolation colonies obtained from roots .on daisy (fig. 4, Aa), when 
inoculated into 54 daisy stems, produced roots on 9 (fig. 7, A, B, D); 
tumors on 34, some with root primordia (fig. 7, C); and no infection 
on the remaining 11. 

REACTIONS OF VARIOUS HOSTS TO INOCULATIONS 

Young string-bean plants inoculated with the apple hairv-root 
isolation did not soon produce outgrowths, as four weeks or longer 
elapsed before definite swellings appeared. Bean plants of the same 
age inoculated at the same time with the hop strain developed 6-mm. 
tumors within three weeks. When bean stems were inoculated with 
the apple hairy-root isolation definite tumors rather than roots or a 
combination of roots and tumors were produced. 



Nov. 15, 1929 Crown-Gall Organism Produces Roots and Tumors 


757 



Figure 7.— A-D, Paris daisy stems inoculated, March 13, 1928, with four different colonies reiso- 
lated from outgrowths shown in Figure 4, Aa. Photographed May 12, 1928. All natural size 
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When the rose was inoculated with the cultures used for beans and 
daisies it was slow to show infection, and when very tender shoots 
were inoculated infection did not appear for six weeks or longer. 
The type of outgrowth was a tumor with root primordia. 

The castor-bean plant ( Ricinus communis) was thought for some 
time to be immune to the apple strain. One set of inoculations 
appeared to be negative after two months. While another set of 
inoculations was in progress to check up this earlier one, small out- 
growths appeared on the first set three months after inoculation, and 
on the second set between two and three months after inoculation. 
The tumors never grew larger than 4 mm, across, but they were 
definite infections which might easily have been overlooked if the 
controls had not been so definitely without swellings. The per- 
centage of infection was about 50. Some of the Ricinus stalks 
were split longitudinally through the inoculated area, and little 
masses of tumors were found in the pith extending into the hollow 
center at these points. To make absolutely certain that the external 
and internal outgrowths were caused bv the organism that had been 
inserted, platings were made from the tiny outside tumors and from 
the pith outgrowths, and crown-gall colonies appeared on both sets 
of plates. Subcultures made from colonies on these two sets of plates 
produced tumors when inoculated into daisies. 

Ricinus is an acid plant with a pH of 5.4, but the peach and apple 
stems are more acid (pH 4.8 and 4.6, respectively), and the apple- 
strain causes infection on them. Evidently there is some other 
feature of Ricinus than its hydrogen-ion concentration, perhaps a 
high titratable acidity, which makes it unfavorable as a host. The 
hop and peach strains, however, found Ricinus a very favorable host 
and produced tumors three-fourths to 1 inch in diameter in four 
weeks on vigorous plants. 

Geranium and tobacco, like Ricinus, are favorable hosts to many 
strains of Bacterium tumefaciens , but are only slightly susceptible to 
the apple strain. For some time these plants were considered 
immune to the apple strain. Small fiat inconspicuous outgrowths 
(4 to 5 mm. in diameter) of the tumor type were produced only under 
the most favorable conditions in two to four months, and but a small 
percentage of the inoculations caused infection (3 out of 24 with 
geranium and 4 out of 24 with tobacco). No root growths or tumors 
with roots were produced. Figure 8, D, shows the results of inocu- 
lating tobacco with the isolation from the hairy root shown in Figure 1. 

DISTINCTIVE FEATURES 

Isolations of the apple strain produce fewer virulent colonies, and 
the strain has a more limited number of host plants than any of the 
other strains except the rose. Slowness in producing tumors seems 
to be inherent in the strain itself, for slowness is characteristic of its 
action on its own host, the apple, as well as on other hosts. More- 
over, the prganism is slow in its growth in culture media. Like the 
rose strain, it is less translucent on beef and Thaxter (potato-dextrose) 
agar than other strains, which makes it appear in some stages quite 
unlike the crown-gall organism. In no medium used by the writer 
does it produce such a heavy growth as the other strains of Bacterium 
tumefacuns. Most isolations of the rose strain must be excepted, for 
this strain likewise failed to produce a heavy growth in the media 
used. 
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Figure 8. “A, Nasturtium stem inoculated with the hop strain of Bacterium tumefadens, show- 
ing tumor and roots. Time, three months. Nearly natural size. B, Collards .stem inoculated 
with poplar strain, showing tumor and roots. Time, two months. X 2 . O, Tomato stem 
inoculated with daisy strain, showing tumors with a few r root primordia. Time, five weeks. 
Natural size. D, Tobacco stem inoculated with the apple strain isolated from the apple hairy 
root shown in Figure 1 . Time, five months. Natural size. E, Geranium inoculated with 
chrysanthemum strain, showing tumor and roots. Time, one year. Natural size 
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The apple and rose strains are alike (1) in producing comparatively 
few virulent isolation colonies, (2) in their habit of growth and 
appearance in culture media, (3) in having a more limited number of 
host plants than the other strains, and (4) in their slowness to produce 
tumors, although some tumors eventually become as large as the 
average tumor produced by other strains. 

That the crown-gall organism is able to adapt itself to new condi- 
tions was shown by the apple strain in its reisolation colonies. The 
reisolations were made from apple hairy root produced on daisies. 
(Fig. 4, A a.) When these reisolation colonies were inoculated into 
other daisy stems infection appeared sooner than in the original 
inoculations. While with the original organism it took nearly two 
months for the inoculations to show infection, with the reisolation 
colonies it took a few days less than one month. The tendency to 
produce roots as well as definite tumors was retained in the reisolation 
colonies. (Fig. 7, A-D.) Of the 10 colonies picked off and tested, 
all proved infectious to daisy stems, and 80 per cent of the 54 inocula- 
tions were positive. 

The writer has never been able to produce a definite swelling on 
tomato plants with the apple strain, although she has made inocu- 
lations in top and base and in the neighborhood of adventitious roots 
and has used plants of various ages and isolations and reisolations 
from different sources. Thirty-six tomato plants inoculated with 
the isolation from the hairy root shown in Figure 1 gave negative 
results. Small inconspicuous swellings with smooth surfaces were 
produced on tomato stems inoculated with a reisolation from apple 
tumor on daisy. The tomato stem is a favorable host to the peach 
and hop strains, but only moderately so to the daisy strain. (Fig. 
8, C.) Tobacco is a favorable host to the rose (fig. 4, B), peach 
(fig. 4, C), and hop strains. If the peach strain of Bacterium tume- 
faciens in the soil should pass through the apple crown or root and 
produce infection, an isolation from this apple-peach tumor would 
probably still be able to produce an infection on the tomato stem as 
the original organism does. In his work with teratomata Smith (18) 
used the hop strain largely, and he pictured many hop tumors on 
tobacco. 

The cultural characteristics of most of the reisolation colonies 
changed. The reisolations grew more rapidly and more abundantly 
in culture media than the original isolations, and on beef and potato- 
dextrose agar they looked more like the vigorous peach and hop 
strains than like the original isolations. 

Further proof of the adaptability of the crown-gall organism was 
shown by the reisolation of the apple strain from tumors on Ricinus. 
The inconspicuous outgrowths which took three months to form on 
Ricinus produced reisolation colonies which developed outgrowths on 
daisy stems more rapidly than the apple-strain reisolations made 
from the daisy itself. The Ricinus reisolations of apple strain when 
used for inoculations showed good infections in the daisy in two to 
three weeks, whereas it took the daisy reisolations (apple strain) 
almost four weeks. Furthermore, the reisolation of the apple strain 
from Ricinus, like the reisolation of the apple strain from daisy, pro- 
duced colonies which grew much more vigorously in culture media 
than the original apple isolation colonies, to which they were related. 
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It might be mentioned here that the strain isolated from a natural 
tumor on the crown of a hop plant became much more virulent and 
made a heavier growth in culture media after it was isolated from a 
hop tumor induced on a sunflower plant. 

ROOT PRODUCTION WITH OTHER STRAINS OF BACTERIUM 

TUMEFACIENS 

Although the apple alone of all the crown-gall strains seems to 
possess the inherent ability to produce roots whether it enters the 
crown, root, or stem of the apple tree or some other susceptible plant, 
still there are other strains of Bacterium tumejaciens that will produce 
roots on certain plants and under certain conditions. These roots 
are usually in combination with tumors and are produced mostly on 
plants that can be propagated easily from cuttings. 

The hop strain produces roots very readily on Impatiens bahamina , 
the common garden balsam. The roots grow on or near the tumor 
and may be from 5 to 25 mm. or more in length. (Fig. 9, B.) The 
peach and poplar strains also produce roots on I. balsamina in less 
time than it takes the apple strain to do so. (Figs. 9, A, and 10, A-C.) 
It is very likely that all the strains of Bacterium tumejaciens will pro- 
duce roots on this susceptible host and that each will display some 
individuality in its root production, as is shown by the four strains 
pictured. 

One month after the balsam stems were inoculated with the hop 
strain, roots 10 to 12 mm. long had been produced, and the tumors 
were 1 to 1.5 cm. in diameter, or even larger. The roots on the stems 
of the plants inoculated with the poplar strain were not so long, and 
those inoculated with the peach strain were much shorter, being only 
3 to 4 mm. In one month the inoculations, made with the original 
isolation from the apple hairy root and with two reisolations, showed 
tiny tumor swellings 3 to 4 mm. across with root primordia but no 
root extensions. The photographs showing root extensions of apple 
strain were made two months after inoculation. The experiment was 
repeated, but the apple strain was less active and only a few roots 
extended from the tumors even after three months. The three 
other strains showed vigorous roots. 

The masses of roots often produced at the crown of chrysanthemum 
plants and the abnormal number of roots on rooted cuttings of chrys- 
anthemum have been found to be produced in some cases by Bac- 
terium tumejaciens. These masses of roots are not beneficial to the 
plant, for the vigor and substances that should go into the production 
of leaves and flowers are used in the thickened masses of roots. The 
organism isolated from chrysanthemum roots produces both roots 
and tumors when inoculated into susceptible plants. An example of a 
tumor with roots on a geranium produced by inoculating it with the 
chrysanthemum strain is shown in Figure 8, E. 

The hop strain inoculated into Bryophyllum and nasturtium stems 
can produce definite tumors with roots. (Figs. 5, A, and 8, A.) So 
also can the poplar strain inoculated into collards stems. (Figs 8, B.) 
Occasionally the daisy strain will produce a few roots from the tumors 
on daisy stems. 





762 


Journal of Agricultural Research 


Vol. 39, No. 10 



Figure 9 .—Impatient bahamina inoculated June 15, 1928: A. With peach strain of Bacterium 
tumefadem; B, with hop strain. Photographed September 17, 1928. Both natural size 
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Figure 10.— Tmpatiens balsamina inoculated with different strains of Bacterium tume- 
faciens. June 16,1928. and photographed September 17, 1928: A, Poplar strain; B, 
apple nairy-root strain; C, reisolated strain from apple hairy root. All natural sine 
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STIMULATION OF ROOT PRIMORDIA TO ROOT FORMATION 

Neither the rose nor the bean stems inoculated with the isolation 
from the apple hairy root produced roots in conjunction with the 
tumors (figs. 2, Ba, B b, and C), but some of the tumor surfaces were 
roughened somewhat by root primordia. The bean tumors were 
stimulated to root production by chilling the whole plant in the re- 
frigerator at a temperature of 10° to 14° C. for 20 hours, and then 
exposing it to a temperature of 25° to 27°. The primordia would 
extend into little roots 2 to 3 mm. long in four to eight hours. Some 
of the primordia that did not develop into roots in 24 hours could be 
made to do so by several successive changes from cold to warm tem- 
peratures. The change from cold to warm temperatures seemed to 
be necessary, as a pot of bean plants left in the refrigerator for 5 
successive days did not show any root extensions from the three 
tumors until it had been in a warm room for about six hours. The 
tumors with smooth surfaces did not respond to the treatment, for 
roots did not appear. 

The rose tumors with root primordia were stimulated to produce 
roots by being covered with sphagnum moss which was kept moist. 
Three of the eight tumors covered had produced roots when the 
sphagnum was removed after seven days. The stimulus here may 
have been a change of temperature also, for in a hot greenhouse evap- 
oration must take place from the moist sphagnum; this could reduce 
the temperature of the tumor and might cause a stimulation to root 
development. 

The roots induced by the ice-box and moss-ball stimulation were 
from 2 to 8 mm. in length. In some cases they were longer, but the 
tips dried back in the warm room as the root extended and true 
measurements could not be made, The roots of the rose tumors 
may have formed in a short time, but a week had elapsed when the 
moss ball was removed. One root from a rose tumor was 15 mm. 
long when uncovered, but the root was too fragile to survive the 
period required for photographing. 

DISCUSSION 

Can this tendency to root production of the crown-gall organism 
be an indication of a primitive soil form and the first manifestation of 
its pathogenicity? And, further, can it be that after passing through 
the apple or some other host and back into the soil the organism 
shows more active pathogenic features? And if so, why could not 
these more active features be manifested in the more definite tumor 
form instead of roots? This first act in pathogenicity might explain 
to some extent the slow adaptation of Bacterium tumefaciens to the 
apple as a host and the more frequent hairy -root type of crown gall 
which has been so confusing to nurserymen, and it might also explain 
the real tumor form of crown gall on apple to be produced by an 
organism beyond the first adaptation stage to the apple as host. 

The organism reisolated from apple hairy root on daisy (fig. 4, A a) 
produces roots and tumors more rapidly than the original isolation, 
and it grows more rapidly and profusely in culture media than does 
its forebear. That the crown-gall organism in general is an adaptive 
one is shown by the many plants that it infects, for with the exception 
of the monocotyledons, outgrowths caused by it have been found on 
most of our common fruits, vegetables, and ornamental plants. 
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The fasciation of stems of various plants like the sweet pea and the 
nasturtium known to be caused by the crown-gall organism might be 
produced by the same soil pathogenic form demonstrating its patho- 
genicity at the crown of a plant by fasciation instead of root or 
tumor production. The writer found that the organism isolated 
from fasciated sweet-pea stems was a weakly pathogenic one which 
would infect tiny sweet-pea seedlings but not plants 5 or more inches 
tall. The percentage of infection in the seedlings was only 37. 

It is not known why some isolations of the apple strain are weakly 
parasitic and others actively parasitic. It may be that the less active 
organism is the primitive crown-gall parasite, or that it has had 
to survive a long residence in the soil between the times of host res- 
idence, while the more active one has passed through and infected 
one or more apple trees in succession and so increased its virulence. 
Or it may be that those very active crown-gall strains such as peach, 
hop, and daisy have had still more passages through various hosts, 
each time becoming more adaptable and virulent before returning to 
the soil. 

SUMMARY 

The crown-gall organism ( Bacterium tumefaciens) can stimulate 
plants to produce roots as well as tumors. The strain isolated from 
apple trees produces both roots and tumors. Both the hairy-root and 
the tumor types of infection produced by the apple strain are con- 
sidered symptoms or manifestations of the same disease. 

The apple strain is slower to infect susceptible hosts than other 
strains except the rose. It is also slow to infect the apple tree. 

The Paris daisy and Jmpatiens balsamina respond to inoculations 
with the apple strain by producing masses of roots and small tumors; 
the rose and bean stems by producing definite tumors instead of 
masses of roots; Bryophyllum pinnatum by producing masses of 
roots and tumors without roots. Tobacco, geranium, and Ricinus 
are very indifferent hosts on which a few inconspicuous outgrowths 
without roots are produced in two to four months. The results on 
tomato were negative. 

When first isolated the apple strain differs somewhat in appearance 
from the other crown-gall strains (the rose excepted) when grown in 
culture media. These differences disappear when the apple strain is 
passed through another host and reisolated. These reisolation colonies 
tend to produce infection in less time than the orginal colonies. 

Like the other strains of Bacterium tumefaciens, the apple strain is 
an adaptable one (though less so than the other strains), and when 
it passes through another host than the apple it becomes more virulent. 

Root production is not limited to the apple strain of Bacterium 
tumejaciens , for the peach, hop, poplar, chrysanthemum, and other 
strains also produce roots. 
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THE DISTRIBUTION OF VITAMIN A IN SOME CORN- 
MILLING PRODUCTS' 


By Clara Rocke Meyer, Laboratory Assistant in Nutrition , and Rossleene 
Arnold Hetler, Assistant Professor of Nutrition , Department of Home Economies, 
Agricultural Experiment Station , University of Illinois 2 

INTRODUCTION 

/ It was shown by Coward in 1923 ( 1 ) 3 that when whole yellow 
corn is used as the source of fat-soluble vitamins, large quantities 
are necessary to produce growth in rats which have been depleted 
of these vitamins. In more recent investigations Steenboek and 
Coward, ( 2 , 21 ) have demonstrated that a much smaller quantity 
of whole yellow corn supplies sufficient vitamin A to produce a 
healthy condition in test animals if vitamin D is furnished in the 
basal ration. These results indicate, as suggested by the investi- 
gators, (1) that yellow corn is a remarkably poor source of vitamin 
I) and that previous failure to promote growth on a low level of 
whole yellow corn was due to a deficiency of vitamin D rather than 
to a deficiency of vitamin A, and (2) that whole yellow corn is a 
rich source of vitamin A. 

Millhouse and Croll, 4 using thO hand-dissected structures of 
whole yellow corn, found that the fat-soluble vitamins of yellow 
maize are located in the pigmented endosperm of the kernel. Steen- 
book and Coward ( 2 , 21 ) , also using hand-dissected corn, could 
state with greater certainty that vitamin A is concentrated in the 
endosperm of the yellow corn kernel, since in their study an irradiated 
basal diet furnished the antirachitic factor. 

In the work here reported a qualitative and quantitative study 
of the distribution of vitamin A was made on all of the by-products 
recovered from the wet-milling process for the commercial separation 
of cornstarch from whole yellow corn. 

At the time the milling products included in this study were 
obtained, yellow corn only was used by the milling company from 
which they were secured. 5 The chemist reported a recovery of 
the whole yellow corn from the wet-milling process as follows: 


M illing product Per cent 

Starch •_ 65. 0 

Corn germs 7. 0 

Corn-germ meal 3. 5 

Crude corn oil 3. 4 

Grits 3. 6 

Gluten 10.0 

Steep water (dried) 5. 0 

Bran (reel slop) 6. 8 

Gluten feed 25.4 


Received for publication Mar. 25, 1929; issued November, 1929. Submitted by Clara M. Rocke in 
partial fulfillment of the requirements for the degree of master of science in home economics in the Graduate. 
School of the University of Illinois, 1928. 

2 Grateful acknowledgment is made to Hilda Croll Koser, under whose direction this study was begun. 

3 Reference is made by number (italic) to “Literature cited,” p. 779.' 

' Millhouse, L. E., and Croli., H. Unpublished data. 

8 Thanks are extended to the Staley Corn Products Co., Decatur, 111., for the milling products used in 
this study. 
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The wet-milling process is a well-known commercial procedure 
for the preparation of cornstarch. The process as described by 
Rolfe ( 13 ) does not differ except in unimportant and minor details 


y’SL/.OJt' 



from that employed by the milling company from which the pro- 
ducts ^used in this work werefbbtained. It is almost entirely a 
physical rather than a chemicaljprocedure involving comparatively 
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low temperatures and little chance for oxidation. The flow sheet 
in Figure 1 is a condensed diagram indicating the relation of the 
products here tested to the structure of the corn kernel and the 
general method of their separation by the wet-milling process. 

EXPERIMENTAL PROCEDURE 

Ophthalmia was developed in approximately 125 rats of the albino 
variety bred in the writers’ own colony. Three series of animals were 
used in this study. In order to obtain rats of standard depletion in 
vitamin A, as Smith and Chick (19), Sherman and Storms (18), and 
other workers have found necessary, the mothers were given a diet 
low in this vitamin. For several weeks prior to and during breeding, 
and throughout the lactation period, a diet, essentially that used by 
Sherman (15, 16, 18), was fed. The diet consisted of two- thirds 
ground whole wheat and one-third whole-milk powder, with the addi- 
tion of sodium chloride in the proportion of 1 per cent and meat scrap 
in the proportion of 5 per cent of the total weight of the wheat and 



Figure 2. — Weight curves of rats receiving vitarnin-A-free diets supplemented by various corn- 
milling products. When the vitamin-A-free basal diet was supplemented by 1.5 or 0.5 gm. of 
gluten feed daily, ophthalmia was cured; when the supplement was grits, ophthalmia was not 
cured and growth was very slow; when steep water or reel slop was used, ophthalmia was not 
cured and death resulted 

milk powder. On the second or third day after birth the litters were 
reduced to eight young each. The experimental period was started 
when the young were 28 to 30 days of age. 

The usual methods for individual caging, feeding, and caring for 
experimental animals were employed. Raised-bottom cages were 
used. The rats were weighed once a week for the first three or four 
weeks and then two or three times a week after the development of 
ophthalmia and during the succeeding test period. The food intake 
was carefully noted at the time the animal was weighed and whenever 
a new supply of food was given. In order to reduce the error incurred 
by the scattering of food, 500 c. c. porcelain jars with screw tops, 
having an opening about VA inches in diameter, were used. The jars 
were filled about one-third full of food. 

An attempt was made to determine the standard rate of growth for 
recovery of animals in series 2 and 3 by feeding cod-liver oil, 8 drops 
daily, after the appearance of ophthalmia. * (Table 1 and fig. 2.) This 
is probably a better method by which to judge the extent of the 
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vitamin deficiency than the uninterrupted growth of an animal fed 
cod-liver oil from the beginning of the experimental period ( 9 ). 
(Table 2.) A “negative control” animal was maintained in each 
litter on the vitamin-A-free basal diet (Sherman, 17 ). (Table 3.) 


Table 1. — The effect of cod-liter oil on ophthalmia and growth of vitamin- A 

deficient rats 

l Positive controls] 






Time of 

Time of re- 


Average 








ophthalmia 

co very from 


weekly food 








incidence 

ophthalmia 


intake (vita- 








and weight 

and weight 


inin-A-free 








of animal 

of animal 


basal diet) 












Amount 



Dura- 



No. and 


In- 

itial 

age 






_ .. 




Litter 

Initial 



Days 
after 
addi- 
tion of 


of sup- 



tion of 

Final 

Final 

sex of 
rat 

No. 

weight, 

Days 

after 

Body 

Body 

plement 

daily 

Before 
addi- 
tion of 

After 

addi- 

tion 

of 

sup- 

ple 

ment 

test 

period' 1 

ago 

weight 





exper- 

iment 

began 

weight 

sup- 
ple 
ment 
to diet 

weight 


sup- 

ple 

inent 

I 1 





Days 

1 

' Om. 


Om. 


Gms. 

I)ropt f 

Om. 

Om. 

; Weeks 

Days 

Om. 

519c? 

6 

31 

56 

27 

128 

7 

142 

8 

61.0 

74.0 

! 6 

114 

231 

645 9 

10 

24 

40 1 

34 

45 

11 

82 

8 

19. 0 

41.0 

! 7 

119 

157 

671c? 

13 

30 

34 

28 

71 

9 

119 

8 

38. 6 

69. 0 

i 5 

111 

165 

658 9 

12 

29 

44 

31 

78 

9 

119 

8 

42.2 

63. 0 

5 

111 1 

162 

817 9 

17 

29 

55 

30 

158 

6 

176 

8 ! 

65.5 

83. 0 

1 3 

79 i 

205 

821c? 

17 

29 

64 

34 

164 

7 

186 

8 1 

68. 2 

68. 5 

4 

79 

220 

832c? 

14 

29 

53 

38 

168 

10 

206 

8 

65. 6 

67. 7 

4 

83 

228 

839 9 

15 

29 

46 

28 

120 

12 

158 

8 

55. 5 

50. 6 

4 

83 

1 

179 


o The animals were all killed at the cud of the test period. 


Table 2. — The prevention of ophthalmia and the growth of rats fed a vitamin-A-free 
basal diet supplemented by cod-liver oil 


[Positive controls] 


No. and 
sex of rat 

Litter 

No. 

^ : 

Initial age and 
weight 

Amount 
of sup- 
plement 
fed daily 

Average 
weekly 
food in- 
take (vi- 
tamin-A 
free bas- 
al diet) 

Duration 
of test pe- 
riod «* 

Final 

age 

Final 

weight 



Days 

Om. 

Drops 

Om. 

Weeks 

Days 

Om. 

305 9 

3 

29 

46 

8 

58.0 

8 

85 

| 163 

297c? 

2 

29 

44 

8 

47.4 

12 

113 

188 

289c? 

1 

28 

43 

8 

63,0 j 

8 

84 

210 

535c? 

8 

26 

40 

8 

59,0 

7 

i 74 

I 170 

511 9 

5 

32 

46 

8 

51. 2 

7 

81 

144 

655 9 

11 

29 

36 

8 

45.9 

10K> 

103 

158 

672c? 

13 j 

30 

23 

8 , 

56.4 

10 

101 

165 

840 9 

15 

29 

39 

8 

60. 1 

8 

83 

165 


• The animals were all killed at the end of the test period. 
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Table 3. — The effect of vitamin- A-free basal diet only on ophthalmia and growth of 

vitamin- A -deficient rats 

[Negative controlsl 






Time of oph- 
thalmia inci- 
dence and 
weight of ani- 
mal 

Time of death 

Average weekly 







from ophthalmia 

food (vitamin- 







and weight of 
animal 

A-free basal 
diet) 

Duration 
of test 



Litter 

Initial 

Initial 







period 

Final 








sex of rat 

No. 

age 

weight 

Days 

after 

experi- 

ment 

began 

Body 

weight 

Days 
after 
develop- 
ment of 
ophthal- 
mia 

Weight 
at death 

Before 
devel- 
opment 
of oph- 
thalmia 

After 
devel- 
opment 
of oph- 
thalmia 

after in- 
cidence of 
ophthal- 
mia a 

age 



Days 

Gm. 


Gm. 


Gm. 

Gm. 

Gm. 

Weeks 

Day 8 

308 d” 

3 

29 

45 

35 

100 

8 

89 

29.2 

26.0 

1 

72 

298d” 

2 

29 

48 

35 

UK) 

47 

62 

36.0 

31.0 

7 

in 

2929 

1 

28 

42 

28 

106 

45 

70 

48.0 

35. 6 

6 

101 

3229 

4 

29 

; 40 

37 

120 

42 

70 

55. 4 

29.0 

6 

108 

518 9 

6 

31 

i 48 

27 

101 

23 

78 

54. 2 

44.0 

3 

81 

523 9 

7 

26 

36 

29 

73 

21 

52 

38.7 

29.0 

3 

76 

504 d” 

5 

32 

50 

34 

88 

7 

100 

42.0 

41.0 

1 

73 

534 d” 

8 

26 

1 42 

27 

86 

14 

80 

48.0 

32.0 

2 

67 

64 Id” 

10 

24 

36 

34 

62 

50 

45 

40.0 

39. 4 

7 

108 

640 9 

9 

31 

52 

34 i 

52 

.53 

62 

17.8 

26. 0 

7 

118 

649 9 

11 

29 

36 

33 

60 

1 3T 

60 

33. 3 

47. 2 

4 

95 

657 d” 

12 

29 

44 

| 33 

68 

33 

76 

31.4 

45. 6 

4 

95 

665 9 

13 

29 

46 

28 

68 

38 

63 

1 32. 5 

31. 0 

5 

95 

844 9 

16 

28 

40 

28 

121 

28 

104 

i 63. 0 

54. 0 

4 

84 

820^ 

17 

29 

62 

14 

1 118 

26 

153 

75.0 

71.0 

4 

71 

852 d” 

19 

30 

58 

28 

158 

28 

123 

80. 0 

49. 5 

4 

86 

836 d” 

15 

29 

42 

24 

120 

16 

120 

52. 0 

62. 0 

2 

69 

828 9 

14 

29 

47 

27 

125 

13 

130 

50. 0 

70. 0 

2 

69 


• The test period terminated with the death of the animal in each case. 

A vitamin- A-free basal food was given the test animals, which they 
were allowed to eat ad libitum. The antirachitic factor was supplied 
in the food by irradiation in shallow agate pans at a distance of 20 inches 
from the lamp for one-half hour. The food was stirred at the end of 
each 1 5 minutes of irradiation {21, 20). A Hanovia luxor mercury arc 
lamp was used. 

The basal diet was composed of the ingredients in the percentage 


amounts given below : 

Per cent 

Extracted casein 18 

Osborne- Mendel salt mixture __ 4 

Cricso 0 20 

Starch - 57 

Sodium chloride - . 1 


The casein was purified by the alcohol-extraction method of Os- 
borne and Mendel {10, 11). It was then air-dried for several days 
and subsequently spread out in shallow pans and heated from 8 to 12 
hours in gas ovens at 120° C. (Drummond {8, 6, 7).) 

The basal food was mixed and stored in glass jars in a refrigerator. 
If it was to be used within a short time it was first irradiated and then 
stored in the refrigerator. A week’s supply was usually irradiated 
at one time. 

The water-soluble vitamin-B factors were supplied by dried 
brewers’ yeast, five-tenths gram per animal daily, fed separately. 

The development of definite ophthalmia was taken as a sign of 
vitamin-A deficiency. (Morgan (9), Steenbock and Coward {21), 


6 Drummond (£), Daniels and Laughlin (4). 


79489—29 4 
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Steenbock, Sell, and Buell { 22 ).) With the depleted animals used, 
definite eye symptoms almost invariably preceded cessation of growth 
and developed from 25 to 35 days after the experimental period began. 

As soon as the eye symptoms became persistent, the test food was 
added to the diet. It was given separately in definitely weighed 
portions, or later, especially m the case of foods not entirely eaten 
when fed separately, as a definite part of the basal diet. The supple- 
ment replaced the same percentage of starch, or Crisco, or parts of 
both the starch and the Crisco; when thus mixed with the basal food, 
the test material was added after the irradiation of the purified 
ingredients. (Willimott and Wokee { 23 ).) When fed separately the 
daily portion of the test food was moistened with distilled water 
immediately before feeding, for all of the foods, with the exception of 
he oils, were extremely dry and powdery, and the moistening reduced 

possible loss by air drafts. 

The vitamin-A value of the test food was judged chiefly by the 
minimal dosage necessary for the ultimate cure of the eyes. (Steen- 
bock and Coward { 21 ).) A resumption of body growth was also 
observed. 

EXPERIMENTAL RESULTS 

In order to make this investigation quantitative in nature, it was 
necessary first to conduct a preliminary qualitative study of the corn- 
milling products. Each of the products was fed in accurately weighed 
amounts of 1.5 gm. daily to at least two rats in which opthalmia had 
developed. The results obtained in this first series of animals as 
indicated by the ultimate positive or negative cure of ophthalmia 
were without exception as shown in Table 4. 


Table 4. — The effect on ophthalmia of tarious corn-milling products when used 
as supplements to a vitamin- A -free diet 


Supplement 


Amount \r 1 ?TriKn. 

I fed daily Effect, on ophthalmia ! 

per animal 01 rals ! 


Effect on growth 


Steep water. 


Crude corn oil. 


Reflned corn oil. 


Whole yellow corn. J 


2.3 

3.0 
1.6 
1.8 

2.3 
1.6 
2.6 

3.4 

4.0 
1. 5 

1.0 
.5 
.26 
. 1 

1.5 

1.6 
2.0 
1.5 

3.0 
1. 5 to 1. 7 

. 9 to l. 2 
.28to.4 
1.5 

1.0 
.6' 

1.5 

1.0 

.75 


Not cured . 

do. . . 

do 

do 

do 

do 

do 

do 


do 

do 

Rapid cure. 

do. 

.do 

do 

Not cured.. 
Rapid cure. 
Not cured.. 

do. 

do 

do. 


Slow cure 

do. 

Not cured 

do 

do 

do 

Rapid cure 

More slowly cured . . 
Never permanently 
cured. 

do. 

Not cured 


Decline and death. 

Do. 

Do. 

Do. 

Do. 

Do. 

Very slow decline; all but 1 
lived. 

Normal growth. 

Do. 

Do. 

Do. 

Growth finally arrested; 1 died. 
Normal growth. 

Slowly declined; 1 died. 

All 4 died. 

Rapid decline; death. 

Do. 

Lived and grew. 

Do. 

All died. 

Decline and death. 

Do. 

Do. 

Normal growth. 

Do. 

Growth approaching normal. 

Growth arrested; 3 died. 

Low rate Of growth; all died. 
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In the case of steep water, reel slop, and grits, which were more 
or less poorly consumed as separate fractions, an attempt was made 
to feed at a higher level in order to test for traces of the vitamin. 
These three by-products were fed, therefore, as 50 per cent of the 
diet, replacing the same percentage of starch in the basal ration. 
As a result, the daily dosage was increased as shown in Table 4. In 
each case, as the table shows, despite the higher level reached in the 
Ceding of the supplement, there was neither a cure of opthalmia nor 
C resumption of growth. The animals fed the steep water exhibited 
extremely sore eyes, with considerable pus and hemorrhage, and in 
some instances complete atrophy of the eyeball. The feces were 
watery and had the characteristic brown color of the steep water. 
The animals receiving the reel slop or bran supplement developed 
extreme ophthalmia to the same extent, apparently, as those on the 
steep water. The feces, however, were very large, due, probably, 
to the great extent of indigestible crude fiber in the reel slop. The 
grits supplement was better consumed than the steep water or the 
reel slop. There was a slow development of extreme ophthalmia in 
the case of animals on this fraction, but at no time were the eyes 
cured. It is apparent from these results, that the three by-products 
named above are almost if not totally lacking in vitamin A. (Fig. 2.) 

Gluten feed in 1.5-gm. daily amounts produced a rapid cure of 
ophthalmia in eight rats. (Table 4.) The gluten feed is composed 
of reel slop, grits, steep water, and gluten. (Fig. 1.) Since all these 
products except gluten when tested separately were almost if not 
totally lacking in vitamin A, it seemed necessary only to test the 
gluten in a quantitative manner for this vitamin. The various 
levels of feeding used and the results obtained are shown in Table 5. 


Table 5. — The effect of feeding corn gluten on ophthalmia and growth of vitamin 

A -deficient rats 






Time of 
ophthalmia 
incidence 
and weight 
of animal 

Time of re- 
covery from 
ophthalmia 
and weight 
of animal 

1 Ophthalmia 
not cured 

. - _ . 

1 

a 

a> 

1 

Average 
weekly food 
intake (vita- 
min-A-free 
basal diet) 

• 

C 

& 



No. and sex of rat 

Litter No. 

Initial age 

Initial weight 

Days after exper- 
iment began 

Body weight 

co a-o 

® g c 

£=§ 

Q 

Body weight 

Days after addi- 
tion of supple- 
ment to diet 

Body weight 

Amount of sup 
dail: 

Before addition 
of supplement 

After addition 
of supplement 

tn 

5 

*o 

c 

.2 

AS 

3 

Q 

Fina iage 

Final weight 



Days 

Om. 


Om. 


Om. 


Om. 

Om. 

Om. 

Om. 

Wteks 

Days 

Om. 

306^ 

3 


46 

39 

98 

10 

110 



1.50 

41.0 

44.8 

8 

120 

170 

2949 

1 

28 

43 

28 

113 

14 

144 



1.50 

35.0 

54.3 

7 

112 

176 

521 cP 

7 

26 

31 

29 

70 

10 

93 




1.00 

45.5 

44.8 

8 

109 

138 

529 cP 

8 

26 

42 

29 

89 

10 

102 



1.00 

56. 5 

55.5 

8 

109 

182 

533 9 

8 

26 

38 

27 

74 

10 

84 



1.00 

39.2 

48.4 

8 

109 

152 

5089 

5 

32 

50 

32 

106 

6 

112 



1.00 

58.0 

59.0 

7 

115 

168 

515cf 

6 

31 

50 

32 

114 

6 

123 



1.00 

53.0 

60.0 

7 

114 

195 

504 cP 

5 

32 

36 

34 

88 

14 

122 



1.00 

42.0 

50.0 

6 

115 

172 

653 cP 

11 

29 

44 

29 

54 

t 6 

71 



.50 

33.5 

44. 1 

8 

117 

160 

663 cP 

12 

29 

46 

33 

75 

14 

108 



.50 

31.4 

44.7 

8 

117 

J75 

650 cP 

11 

29 

40 

32 

61 

14 

77 



.25 

29.3 

37.1 

8 

117 

136 

860cP 

12 

29 

44 

33 

83 

9 

102 



.25 

27.0 

42.0 

8 

117 

147 

666 9 

13 

29 

42 

32 

66 

| 14 

85 



. 25 

36.8 

40.0 

8 

117 

122 

661d" 

12 

29 

43 

33 

72 



34 

95 

. 10 

36.6 

37.6 

5 

96 

95 

667 9 

13 

29 

50 

33 

78 

1 


55 

121 

. 10 

43. 1 

37.2 

8 

117 

121 

651 d* 

11 

29 

37 

33 

58 

I 


55 

93 

. 10 

37. 7 

38.0 

8 

117 

93 


• All animals were killed except 661 which died with ophthalmia. 
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As previously stated, gluten is recovered in quantity equivalent 
to about 10 per cent of the whole corn. If then all the vitamin A 
of the whole yellow corn were concentrated in the gluten, similar 
results should be obtained with 0.1 gm. of gluten and 1 gm. of whole 
yellow corn fed daily. One gram of the whole yellow corn fed daily 
gave a comparatively rapid cure of ophthalmia and produced normal 
growth. It was found, however, that 0.1 gm. of gluten was not 
sufficient to cure or even to arrest ophthalmia. (Fig. 3 and Table 5.)\ 
One-fourth of a gram of gluten, however, cured the eye lesions, and, 
in addition, produced growth in the vitamin-A-depleted rats. Some 
of the vitamin, therefore, must have been lost in the separation of 
gluten from the corn or is present in other structures of the corn kernel. 



Fkjure 3.— Weight curves of rats receiving vitamin-A-free diets supplemented by various quan- 
titievS of gluten and whole yellow corn 


The results of the preliminary study indicated that some of the 
vitamin A of corn occurs in the germ structure of the kernel. A cure 
of ophthalmia was demonstrated with the crude corn oil. The germ 
itself, however, and the germ meal at the levels fed did not cure the 
eyes. The animals barely maintained weight and eventually died. 
The animals given the germ fared better than those given the germ 
meal. (Fig. 4.) But since a daily intake of 2 gm. of the germ was 
followed at best by only a slight improvement in the eve condition 
(Table 4), it was concluded that the small amount of vitamin A 
present in the germ had to be pressed out in the germ oil before its 
presence could be detected. The results of the quantitative study 
of crude corn oil, which are summarized in Table 6, show that crude 
com oil is comparatively rich in vitamin A. (Fig. 4.) 
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Figure 4. — Weight curves of rats receiving vitaniin-A-free diets supplemented with various corn- 
milling products. When the vitamin- A -free basal diet was supplemented with one or more 
grams daily of crude corn oil, ophthalmia was cured and the animals lived; w hen the supplement 
was corn germs, corn-germ meal, or refined corn oil, ophthalmia was not erued and death resulted 


Table 0 . — The effect of crude corn oil on ophthalmia and growth of vitamin- A * 

deficient rats 


No. and sex of rat 

Litter No. 

Initial age 

Initial weight 

Time of 
ophthalmia 
incidence 
and weight 
of animal 

Time of re- 
covery from 
ophthalmia 
and weight 
of animal 

Ophthalmia 
not cured 

Amount of supplement fed 
daily 

A verage 
weekly food 
intake (vita- 
min-A-free. 
basal diet) 

Duration of test periods a 

Final age 

Final weight 

Days after exper- 
iment began 

Body weight 

Days after addi- 
tion of supple- 
ment 

Body weight 

Days after addi- 
tion of supple- 
ment to diet 

Body weight 

Before addition 
of supplement 

After addition 
of supplement 



Day x 

dm. 


Gm. 


Gm. 


Gm. 

Gm. 

Gm. 

Gm. 

Weeks 

Days 

Gm. 

310a’' 

3 

29 

43 

38 

80 

22 

82 



1.5 

35. 0 

17.5 

8 

120 

90 

325 c? 

4 

29 

49 

48 

138 

28 

140 



1.5 

46. 0 

31.0 

6 

119 

140 

51 4 c? 

6 

31 

52 

29 

92 

12 

98 



1 . 55 

45. 5 

16. 0 

8 

114 

124 

505c? 

5 

32 

47 

34 

98 

14 

96 



1.66 

45. 0 

17.0 

8 

120 

124 

527 9 

7 

26 

34 

29 

84 

12 

92 




1.7 

48.0 

• 19. 0 

7 

109 

106 

525 9 

7 

26 

36 

32 

82 

9 

100 



1.0 

41.0 

31.0 

7 

109 

106 

509c? 

5 

32 

53 

29 

105 

12 

100 



1.0 

51.0 

40. 0 

8 

115 

138 

512c? 

6 

31 

50 

29 

88 

12 

122 



1.2 

52. 0 

44.4 

8 

114 

136 

642c? 

10 

24 

57 

34 

58 

27 

93 



1.0 

34.4 

28.0 

9 

120 

132 

634 c? 

9 

31 

45 

38 

47 

40 

102 



. 9 

23.6 

26. 7 

8 

127 

124 

643 c? 

10 

24 

33 

34 

54 

30 

86 



1.0 

35.0 

34.4 

9 

120 

118 

646 9 

10 

24 

35 

34 

58 



46 

74 

. 4 

36.6 

25. 2 

64 

10-1 

74 

637 c? 

9 

31 

55 

38 

64 



52 

87 

. 28 

23. 0 

17. 5 

74 

111 

87 

647 c? 

10 

24 

35 

34 

38 

— 


51 

57 

.3 

14.0 

19. 2 

w 

109 

57 


° All animals were killed except 646, 637, and 647, which died with ophthalmia. 


Refined corn oil was not only incorporated in the basal diet to 
replace the 20 per cent Crisco, but was also fed separately in daily 
fractions. From the results shown in Table 4 and Figure 4 it is evident 
that there is little if any vitamin A in refined corn oil. It may be 
concluded that there is sufficient heat under oxidative conditions 
involved in the refining process to destroy all of the vitamin A that 
may have been present in the crude corn oil. 

A quantitative study of the unmilled yellow corn was undertaken. 
The results obtained (Table 7) show that 1 gm. daily, or approximately 
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1 1 per cent, is the minimum requirement for permanent cure of ophthal- 
mia and normal growth. Temporary cure of the eyes was obtained 
with 0.75 gm. daily, or approximately 9 per cent, and even with as 
little as 0.5 gm. daily, but the eyes again became extremely sore, a 
general decline occurred, and death resulted in most cases. 


Table 7 . — The effect of (ground) whole yellow corn on ophthalmia and growth of 

vitamin- A-deficient rats ^ 


No. and sex of rat 

Litter No. 

Initial age 

Initial weight 

Time of 
ophthalmia 
incidence 
and weight 
of animal 

Time of re- 
covery from 
ophthalmia 
and weight 
of animal 

Ophthalmia 
not cured 

Amount of supplement fed 
daily 

Average 
weekly food 
intake (vita- 
min- A -free 
basal diet) 

Duration of test periods 

Final age 

Final weight 

Days after exper- 
iment began 

Body weight 

Days after addi- 
tion of supple- 
ment to diet 

Body weight 

Days after addi- 
tion of supple- 
ment to diet 

Body weight 

Before addition 
of supplement 

After addition 
of supplement 



Days 

Gm. 


Gm. 


Gm. 


Gm 

Gm. 

Gm. 

Gm. 

Weeks 

Days 

Gm. 

321 d” 

4 

29 

54 

44 

143 

5 

1.54 



1.50 

60.3 

50. 7 

5.5 

112 

180 

307 cf 

3 

29 

47 

39 

98 

10 

110 



1.50 

39. 1 

46.0 

7.5 

120 

176 

304$ 

2 

29 

50 

35 

90 

11 

95 



1. 50 

33.2 

40. i 

8 

120 

178 

659 d” 

12 

29 

42 

33 

68 

6 

79 



1.50 

28.8 

39.0 

8 

117 

153 

6529 

11 

29 

48 

33 

66 

9 

82 



1. 50 

25. 6 

43.0 

8 

117 

155 

056 d” 

11 

29 

44 

33 

62 

7 

89 



1 . 0 

27.6 

47.0 

8 

117 

178 

062d” 

11 

29 

42 

41 

70 

7 

91 



1.0 

27.0 

43.7 

8 

117 

167 

664 cf 

12 

20 

42 

31 

74 

11 

96 



1.0 

29.2 

47.5 

8 

117 

162 

669 cf 

13 

29 

36 

33 

68 

7 

76 



1.0 

26.2 

43.3 

8 

117 

148 

670$ 

13 

30 

32 

30 

58 

9 

78 


* 

1 . 0 

46. 7 

45.4 

8 

117 

135 

8299 

14 

29 

49 

28 

133 

12 

147 



1.0 

66. 0 

71.5 

8 

113 

170 

837 9 

15 

29 

44 

28 

123 

12 

132 



1.0 

63.5 

74.6 

8 

113 

167 

845 9 

16 

28 

51 

28 

133 

18 

147 



1.0 

59.2 

66. 7 

8 

110 

178 

822 d 1 

17 

29 

63 

30 

170 



56 

198 

.75 

78.0 

48.0 

8 

115 

198 

838 d” 

15 

29 

48 

28 

140 



56 

174 

.75 

67. 7 

49. 1 

8 

113 

174 

846 9 

18 

28 

39 

28 

114 



46 

109 

. 75 

58.0 

44.3 

7 

102 

109 

853 9 

19 

30 

51 

28 

136 



54 

181 

. 75 

70.5 

72.0 

8 

112 

181 

856 9 

19 

30 

53 

28 

134 



.54 

167 

. 75 

60.0 

52.0 

8 

112 

167 

823 9 

17 

29 

60 

30 

149 



56 

168 

. 50 

70.2 

75.2 

8 

115 

168 

831 

14 

29 

54 

28 

147 



56 

147 

.50 

63.2 

44.6 

8 

113 

147 

847 cf 

18 

28 

57 

34 

156 



41 

153 

.50 

52.4 

57. 1 

6 

115 

153 

854 cf 

19 

30 

51 

32 

157 



55 

158 

. 50 

50. 1 

50.0 

8 

117 

158 

8609 

20 

30 

51 

32 

145 




48 

138 

. 50 

60.0 

49.0 

7 

110 

138 

824 9 . 

17 

29 

58 

30 

142 



37 

128 

. 25 

70.5 

74.4 

5 

96 

128 

8309 

14 

29 

54 

28 

128 



37 

116 

. 25 

57.0 

61.4 

5 

94 

116 

848 9 

18 

28 

40 

36 

127 



20 

103 

. 25 

61.6 

47.3 

3 

84 

103 

855 9 

19 

30 

46 

29 

127 



35 

133 

.25 

59. 8 

67. 4 

5 

94 

133 

86 Id” 

20 

30 

.56 

34 

141 



29 

140 

.25 

60.2 

66.2 

4 

93 

140 


I Animals 846, 847, 864, 860, 824, 830, 848, 865, and 861 died; the rest were killed. 

As a result of this study a flow sheet similar to that in Figure 1 
may be drawn to indicate the distribution of vitamin A in the same 
milling products. Such a sheet is shown in Figure 5. 

The condition of typical animals while on a diet deficient in vitamin 
A and after recovery from the effects of vitamin-A depletion is 
shown in Figure 6. 

THE RELATION BETWEEN VITAMIN-A-CONTENT AND YELLOW 

PIGMENTATION 

The high concentration of vitamin A in highly pigmented products 
of yellow corn, gluten, and crude corn oil as found in this study 
demonstrates the association of vitamin A with yellow pigmentation. 
Coward (1 ), in 1923, stated that some lipochrome, generally carotin, 
is always associated with the vitamin A in plant tissues and that 
where the carotin is found, particularly carotin exposed to sunlight, 
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there also the vitamin may be expected to be present. However, 
various other workers, as for example, Palmer and Kennedy ( 12 ) 
in 1921, Steenbock, Sell, and Buell ( 22 ) in 1921, and Drummond and 
Coward (7) and Rosenheim and Drummond ( 14 ) in 1920, have noted 
exceptions in the association of vitamin A with yellow pigmentation. 
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Figure 5.~-F1ow sheet indicating the distribution of vitamin A in various corn-milling products 


Hauge and Trost (8), in a recent inheritance study of the associa- 
tion of vitamin A and yellow endosperm kernel, concluded that any 
genetic relationship existing between these two factors must be one 
of close linkage. They found that vitamin A was transmitted 
exclusively with yellow endosperm through the process of crossing 
and segregation. 
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SUMMARY 

The rate of growth, and the recovery or nonrecovery from 
ophthalmia of vitamin-A-depleted rats were observed when their 
vitamin-A-deficient basal diets were supplemented with whole 
yellow corn and with various corn-milling products. 

Whole yellow corn was found to be rich in vitamin A. Rapid 
growth was obtained when amounts of 1.5 grn. per animal were 
fed daily. The minimal amount needed to cure ophthalmia was 
1 gm. daily, or approximately 11 per cent of the total food intake. 

Gluten feed administered in amounts of 1.5 gm. daily rapidly 
cured the ophthalmic eyes of vitamin-A-depleted rats. Three of 
the four milling products that constitute the gluten feed — namely, steep 
water, reel slop, and grits — failed in every instance to effect a cure; 
gluten, the fourth constituent, was found to be extremely potent. 
The minimum amount of gluten required to cure ophthalmia was 
0.25 gm. fed daily, and this amount also produced normal growth. 



Figure 6.— -Typical animals representing the vitamin-A-deflcient rat, and the rat which has recov- 
ered from vitamin-A deficiency. A. —In the case of rat 531 cT ophthalmia was not arrested and 
a decline in growth resulted when the diet consisted of steep water, grits, reel slop, com germs, 
corn-germ meal, and refined corn oil as sole sources of vitamin A. B.— When ophthalmic animals 
were fed yellow corn, gluten, gluten feed, or crude corn oil, the ophthalmia was cured and there was 
a resumption of growth, the animals finally api>earing like rat 519 cf 

This finding shows that vitamin A is concentrated in the endosperm 
of the vellow-maize kernel. It furthermore unquestionably indicates 
that the vitamin-A concentration is greatest in that part of the 
endosperm lying next to the seed coats — the pigmented, nitrogenous 
outer layer of the endosperm. 

Crude corn oil was found to cure ophthalmic rats when adminis- 
tered in daily doses of 1.5 gm. Corn germs, the source of the crude 
corn oil, were found to be so devoid of vitamin A that no cure could 
be obtained even when they were fed at a level of 2 gm. daily. The 
germ meal was found totally lacking in vitamin A. ft was concluded 
that the small amount of vitamin A not found in the gluten is con- 
centrated in or associated with the corn oil of the yellow corn germ 
and that it follows the oil in its removal from the germ. Refined 
corn oil was found to be totally lacking in antiophthalmic qualities 
and hence in vitamin A. 

A high vitamin-A content was found associated with yellow 
pigmentation. 
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THE INHERITANCE OF RHODE ISLAND RED CHICK 
DOWN-COLOR VARIATIONS AND THEIR RELATION TO 
COLOR VARIATIONS IN ADULT PLUMAGE 1 

By D. C. Warren 
Kansas Agricultural Experiment Station 

INTRODUCTION 

Any inheritance studies involving variations in the down of chicks 
have a special theoretical interest because they fall within the cate- 
gory of larval characteristics. Relatively few distinctly larval 
characters have been made the subject of genetic studies, yet the 
bearing of these characters upon the problem of the gene in its rela- 
tion to development is a fundamental one. Color patterns of chick 
down may be considered as in the nature of larval characteristics 
for the reason that in many cases the pattern appears to bear little 
relation to that of the adult. It is true that each adult plumage 
pattern has a definite corresponding down pattern, but frequently 
the two patterns have little in coipmon. Both adult and chick down 
patterns vary to a certain degree, but very little attention has been 
given to how variations of one affect the expression of the other. 

In addition to its theoretical bearing this study has certain prac- 
tical aspects since any information of predicative value to be obtained 
from the chicks regarding the color qualities of adults is of considera- 
ble value. Rhode Island Red chicks vary widely in the shade of the 
red color. The lightest individuals are cream colored with only a 
tinge of red while the darkest are a chocolate brown. 

MATERIALS AND METHODS 

The stock used in this study was the Single Comb Rhode Island 
Red flock of the Kansas Agricultural Experiment Station. The 
strain had been bred for several years as a production flock, and an 
effort has been made to maintain standard qualities. The average 
color of the flock is a good dark red, probably above the average 
quality of most production-bred flocks. As in most flocks of this 
breed, there is considerable individual variation in the shade of the 
red color. 

In order to keep the classification of chick down color as uniform 
as possible throughout the study, a standard series of skins was 
prepared. The skins were arranged in a Riker specimen mount and 
given grade numbers ranging from 1 to 5. These grades of down 
color are shown in Plate 1. As soon as chicks were removed from the 
incubator they were wing-banded and graded according to the stand- 
ard series. Lighting conditions were kept as uniform as possible 
while grading was being done. 

For recording variations in adult color a detailed description was 
made at 6 months of age. Wherever possible, standards similar to 

1 Received for publication Feb. 19, 1929; issued November, 1929. Contribution No. 49, Department 
of Poultry Husbandry, Kansas Agricultural Experiment Station. 
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the one used for down color were made up. For recording the shade 
of red of surface and under color of plumage a Riker mount standard 
was used. This was made by taking sections of plumage from 
individuals showing the existing range of color. The record was 
made by entering the number of the standard grade which most 
nearly matched the color of the individual. The eye color recorded 
was that of the iris. The variations noted were in the shade of red 
which was determined by comparison with a prepared color stand- 
ard. The standard series used for adult surface and under color 
and for eye color are shown in Plate 2. Variations in the amount 
of black pigment in the primary and secondary wing feathers were 




Figure 1 . — Grade-number standards for variations in the amount of black pigment In the 
primary (upper series) and secondary (lower series) wing feathers of adult Rhode Island Red 
chickens 


recorded by grade number given in a standard (fig. 1) showing the 
range of variations. The flight feathers used for recording the grade 
of black were the second full-length primary and the second sec- 
ondary. In the description of the surface color the back, hackle, 
wing bow, and breast were graded separately. The occurrence of 
black pigment in any section of the surface was also recorded. In 
addition to recording the shade of under color, note was also made 
of the presence of smut 2 or of white in this portion of the plumage. 

Because of the large number of birds involved it was impractical 
to preserve entire skins, but a fairly satisfactory substitute was 
devised. This was a feather card upon which sample feathers from 
seven representative sections of the plumage were mounted. The 

* In the one of the term “smut ” the writer has accepted the terminology of the poultry fancier. How- 
ever, since this word has a different connotation in ordinary usage, the word “soot” would appear to 
deseHbe much better the presence of black pigment in the under surface of the plumage. 
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regions represented were the saddle, hackle, wing bow, back, breast, 
and the primary and secondary wing feathers. For mounting the 
feathers a 8 by 5 inch card bearing a double row of loosely set wire 
staples was used. The feathers were slipped beneath thfc staples, 
after which the staples were clamped tightly by the use of a long- 
lipped pair of pliers. This made for each individual a pbfmanent 
record, and these records were arranged by families in standard 
filing cases. Figure 2 shows a filled feather card. 

The work upon inheritance of down color covers the period from 
1924 to 1928, but the data upon relation of down to adult^ Oblor are 
only for the breeding seasons of 1927 and 1928. Relati^iittiips of 
down and adult colors -were recorded for the entire period/ out only 



Figure 2.— A typical filled feather card containing sample feathers* from seven representative sec- 
tions of the plumage of a Rhode Island Red chicken 


during the last two years were the classifications made from stand- 
ards sufficiently definite to provide data of much value. 

INHERITANCE OF DOWN COLOR 

During the hatching seasons of 1925 to 1928 selections were carried 
out for the establishment of a light and dark down strain. Previous 
to the first season's matings no definite standard had been devised 
and the birds used for initiating the two strains had merely been 
described as individuals lighter or darker than the average. During 
the 1925 hatching season the chick down standard was first used; 
so that the matings beginning with 1926 were of birds of a known 
down grade. For the light strain, only birds whose down colors 
were of grades 1 and 2 were used, most of them being of the lighter 
grade. In the dark down selections all individuals used were of 
grades 4 and 5. Table 1 shows the results of the four years' selection. 
It will be seen that there is no sexual dimorphism with respect to 
down color, since the males and females in each generation show 
very similar distributions. Selection was .much more effective in the 
light strain than in the dark one, and during the 1928 season a large ^ 
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majority of the chicks in the light strain were of grade 1 with a limited 
number falling in grade 2. The last two years’ results for the dark 
strain show a higher percentage of darker chicks than for the two 
preceding years, but in all generations there was a considerable 
number of grade 3 chicks. During the last two years’ matings 
practically no chicks as dark as grade 3 were obtained in the light 
strain. Thus at the time of crossing of the two strains in 1927 there 
was practically no overlapping of the distributions of the light and 
dark strains. 

Table 1 . — Results of selection for light and dark down-color strains — Rhode Island 

Red chickens 


SELECTION FOR LIGHT STRAIN (LIGHT BY LIGHT) 



1925 



9 

1 

4 I 



9 

3 


1926 



37 

25 4 2 


1 

46 

17 

1 

1927 




29 

27 i 11 


1 

23 

26 

2 

1928 ... .. 



11 ! 

7 i 1 


9 

9 

2 





j | 







Table 2. — Results of crossing of light and dark down-color strains — Rhode Island 

Red chickens 

Fi GENERATION 


No. 

Mating 

Number of females of grade— 

Number of males of grade— 

■ 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

: 

Dark male by light female 



33 

2 



3 

32 

5 


2 

Light male by dark female. _ 


9 

73 

7 


1 

12 

52 

8 










Total _ _ _ 1 


9 

106 

9 


1 

15 

84 

13 



' 






Fa GENERATION 


Male from mating 1 by female from 
mating L. 

2 

6 

12 
i 34 

24 

59 

10 

13 


7 

3 

3 

28 

15 

67 

6 

10 


Male from mating 1 by female from 
mating 2 

Total 

Grand total, both sexes 

3 

2 

8 

1 46 

83 

23 

3 

10 

31 

82 

15 

2 

18 

1 77 

165 

38 

5 








j 





Reciprocal matings between the dark and light strains were made 
in 1927. The results of these crosses are shown in Table 2. Most 
of the F i offspring fall in grade 3, being intermediate between the 
two strains, but a few grade 2 and grade 4 chicks were also obtained. 
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The fact that the female chicks from the cross of light male by dark 
female are slightly lighter than those from its reciprocal might be 
taken to indicate that sex-linked factors are involved. However, the 
male offspring of this cross are also lighter, and this would not be the 
expected result from sex-linked inheritance. It would therefore 
appear that the difference between the reciprocals is more likely to be 
due to individual differences in the birds used as parents. 

Table 2 also shows the results obtained for the F 2 generation pro- 
duced in 1928. There are two series of F 2 's, one resulting from the 
mating of F x females of the cross light male X dark females, and the 
other of females from the reciprocal cross. Both kinds of Fi females 
were mated to the same.Fj male which was from the cross of a dark 
male by a light female. The Fj individuals used to produce the F 2 
generation were all of grade 3, this being the predominating color of 
that generation. The results for the F 2 generation show r a distribu- 
tion including the entire scale of grades. There was no significant 
difference between the down-color distribution of the offspring of the 
two lots of Fi females. In Figure 3 are shown graphically the totals 
from Table 2 and the 1927 results from Table 1. The intermediate 
position of the Fi graph would suggest a multiple-factor situation. 
However, the rapidity with which tfie dark and light strains were 
established by selection would indicate that the number of deter- 
mining factors is not large. If we accept the variability occurring 
in the F, generation as an expression of the action of a single pair of 
genes and construct an estimated F 2 graph, we obtain one which 
approximates the F 2 results. The estimated graph was constructed 
by dividing the 303 F 2 individuals into three lots — one-fourth homo- 
zygous lights, one-fourth homozygous darks, and one-half hetero- 
zygotes. The estimated 76 lights (one-fourth of 303) were distrib- 
uted over the range of color grades, shown by the 1927 light mating. 
In a like manner the same number of darks w T as distributed over the 
grades according to the range of the dark mating for the same year. 
The 151 heterozygous chicks w ere given a distribution modeled after 
the F, results of 1927. The estimated distributions (increasing in 
darkness of red from left to right) were as follows: 

Grades. l 2 3 4 ft 

Lights 43 31 2 *0 0 

Darks 0 0 37 37 2 

Heterozygotes 0 15 121 15 0 

If the distributions for these classes are summed up, we find that 
the total estimated distribution corresponds relatively closely with 
the actual results: 


Grades 1 2 3 4 ft 

Observed 18 77 165 38 5 

Estimated 43 46 160 52 2 


Although the estimated appears to fit fairly closely the observed 
distribution, the application of the x 2 test 3 for goodness of fit indi- 
cates that the difference here is significant and that a single pair of 
genetic factors does not fully account for the results. The x 2 value 
was found to be 43.86, and the value of P, 0.000000. If the above 
results are examined it will be seen that the greatest differences in 
distribution come in the first two classes. If grades 1 and 2, and 3 


>Yule, G. N. an introduction to the theory or statistics. 5th ed. London. 
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and 4 are totaled in the estimated and obtained distributions, the fit 
is much better and shifts between these grades could easily have been 
due to errors in judgment. The x 2 test is probably as reliable a test 
as can be applied to data of this kind, but in cases of extreme shifts 
between closely associated classes its degree of reliability can prob- 
ably be questioned. In view of the above results, any attempt to 
estimate definitely the number of pairs of genetic factors involved in 
determining down color is probably unjustifiable. However, it 
appears to the writer that a single pair of autosomal factors will 
account for the major variations found in Rhode Island Red chick 
down color. Other minor factors probably operate, but they do not 
prevent the one pair of factors from accounting fairly satisfactorily 



Figure 3 — Curves showing graphically the results of crossing light and dark color strains in Rhode 
Island Red chickens, drawn from figures given in Tables 1 and 2 

for the results obtained. The Fj generation shows neither condition 
to be dominant, since the distribution in this generation is inter- 
mediate between that of the two strains crossed. 

COLOR STANDARD AND COLOR VARIATIONS 

The ideal color for the Rhode Island Red breed as described in the 
American Standard of Perfection 4 (1923 edition) is as follows: 

The plumage * * * should be rich red, except where black is specified, 

though the neck, wing bows, back, and saddle of the male should be a very 
lustrous, rich, brilliant red in order to comply with the Standard requirements 
of these sections. The less contrast between hackle, wing bows, back, breast, 
and body, the better, as an even shade of color throughout and an harmonious 
blending in all sections is desired. The shade of color should neither be so light 
a red as to suggest orange, nor so dark as to have a brownish or violet hue. An 
even, rich, brilliant red is preferred. 


* American Poultry Association, the American standard or perfection illustrated, a com- 
plete DESCRIPTION OF ALL RECOGNIZED VARIETIES OF FOWLS AS REVISED BY THE AMERICAN POULTRY 
ASSOCIATION AT ITS FORTY-SEVENTH ANNUAL MEETING AT KNOXVILLE, TBNN., NINETEEN HUNDRED TWENTY- 
TWO. 1923 ed. 427 p., Ulus. n. p. 1923. 
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The primary wing feathers should be red like the rest of the plun|- 
age except the lower web which should be black with a red edging; tSe 
secondary wing feathers should have the black only in the upper web. 

One of the common defects in the Rhode Island Red breed is that 
the general color is too light or too dark and. the latter condition is 
usually accompanied by some black pigment on the surface. The 
breast is frequently much lighter than the rest of the plumage, this 
being a more common trait of females. The under color (the fluff 
portion of the feather which is hidden by overlapping) should match 
as closely as possible the general surface color, but this also varies 
considerably in shade, usually being lighter than the surface. The 
occurrence of black pigment in the under color, usually termed 
“smut/' is a common defect. The appearance of white in the under 
color is also frequent, especially in males. The amount of black in 
wing feathers is frequently reduced or even may be entirely lacking. 

The color of the eye varies from a dull gray to a reddish bay, the 
latter being the desired color. It was with these more common de- 
fects which were readily classifiable that the association of variations 
in down color was measured. 

RELATION OF DOWN COLOR* TO £DULT COLOR VARIATIONS 

DOWN COLOR AND ADULT SURFACE COLOR 

By surface color is meant the color of the back region, since the 
hackle and breast sections were classified separately. This is the sec- 
tion from which one would ordinarily get an impression of a bird’s 
general color. The grades of surface color given in Tables ,3 and 4 
are those determined by comparison with the plumage standard al- 
ready described. In this summary, as in all succeeding tables, the 
results of not only the down-color matings are given, but those of all 
Rhode Island Red matings for the period covered. 

Since the males averaged somewhat darker than females with re- 
spect to surface color, it was necessary to tabulatp the sexes separately. 
The results here confirm the statement made earlier that no sexual 
dimorphism exists with respect to down color, as the total distribu- 
tions of the two sexes are very similar. In Tables 3 and 4 the dark- 
ness of the red in both down and adult plumage increases directly 
with the value of the grades. The coefficient of correlation 5 of down 
and surface color of males (Table 3), was found to be 0.179 ±0.020. 
A value of so small a magnitude has, of course, no significance. In 
Table 4 are the data for the relationship in females of down and sur- 
face color. The coefficient of correlation was found to be 0.229 ± 0.016, 
and, although higher than that of males, it is too small to be con- 
sidered significant. Tables 3 and 4 show that the chicks of down- 
color grades 1 and 2 (both of which are very light) fall in all grades of 
plumage color. In other words, chicks of the lightest grades of down 
color may as adults be some of the darkest as well as some of the 
lightest-colored birds of the flock. However, the two darkest grades of 
down color (grades 4 and 5) produced adults all but two of which 
were grade 3 or darker. So, although light chicks may produce very 
dark adults, dark chicks seldom produce light adults. The inter- 
mediate down grade 3, like the lighter grades, produced adults having 
almost the full range of plumage shades. 


s Babcock, E. B., and Clausen, U. E. genetics in relation to agriculture. 2d ed. Now York. 
79489—29 5 
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Table 3. — Correlation between chick down color and adult plumage color ( males only ) 



Number of chicks with down 




color of grade - 



Grades of adult color 




_ 

Total 

. . i 

1 

2 3 

4 

r 


j 

2 

i 

1 l 

2 j 1 



1 

! 5 

3 ....... 

0 

23 i 50 

0 

1 

95 

4 . ..... ... ! 

22 

50 233 

43 

1 1 

355 

5 _ _ _ j 

3 

12 j 34 

11 

1 __ 

00 

Total .... . . . . j 


04 324 

00 j 

2 



Coefficient of correlation 0.179d=0.020. 


Table 4. — Correlation between chick down color and adult plumage color ( females 

only) 


j Number of chicks with down 
color of grade ■ 

Grades of adult color ! Total 



1 2 

! i 

3 ; 4 | 

, 

1 

l 3 

J.J 

2 

10 25 

00 2 1 

3 . 

9 ! 59 

214 1 35 ! 

4 ..... 

5 i 25 

117 27 | 

5 . - . . . 

1 

1 ..... . j 

Total. ... . 

25 1 13 

39(5 04 j 


Coefficient of correlation 0.229 d=0.010. 


DOWN COLOR AND BREAST COLOR 

The plumage of the breast frequently is much lighter in color than 
the rest of the body. This is particularly true of females, and for 
that reason only females were considered in calculating the relation 
of down color to adult breast color. From Table 5 it is seen that no 
significant correlation exists, the coefficient being 0.238 ± 0.01 5. 
The value of the coefficient is very similar to that obtained for females 
when the surface color other than that of the breast was considered. 


Table 5. — Correlation between chick down color and adult breast color ( females only) 
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DOWN COLOR AND EXCESS BLACK IN ADULT-PLUMAGE SURFACE COLOR 

Particularly in strains of Rhode Island Reds which have been 
selected for a very dark shade of red there is a tendency to show 
varying amounts of black pigment on the surface. The appearance 
of black pigment anywhere except in the hackle of females and in 
wings and tail of either sex is undesirable. The males show black 
to a much lesser degree and for that reason only the data for females 
have been included in Table 6, w T here the relation of down-color 
variations to black in the plumage surface of adults is considered. 
This table shows the down-color distribution of those individuals 
showing black on the plumage surface in comparison with those free 
from it. The application of the x 2 test indicates that the difference 
between these two distributions is not significant, since the value of 
P is slightly less than 0.029. In the application of the x 2 test the 
method developed by Pearson 6 for comparing two independent dis- 
tributions of frequency from the same population but differing in N 
value, was used. This method was also used for calculating the x 2 
value from Tables 9 and 10. Since there is no significant difference 
between the down-color distributions for birds showing and lacking 
excess black on the surface, it may b^ said that the grade of down 
color does not affect the occurrence of black in this region. 

Table (>. — Relation of down color to the. occurrence of excess black in adult surface 

color {females only) 


Item 


Number of chicks with down 
color of grade- - 


i 2 3 \ r> 

4 30 103 | 30 1 

24 84 300 j 48 0 

X 2 = 8.77 7 *= 0.029 


Adults showing excess black 
Adults lacking excess black . . 


DOWN COLOR AND UNDER COLOR 

The term “under color” as used by the poultry fancier refers to the 
color of the fluff sections of the feather. This is the basal portion of 
the feather which is usually hidden by overlapping. The under color 
was classified into four grades and its relation to chick down color is 
shown in Tables 7 and 8. The fluff sections of the feathers shown in 
Plate 2 present the four grades of under color, 1 to 4. Table 7 gives 
the data for males and Table 8 that for females. For each sex there 
is a significant positive correlation. For males the coefficient of cor- 
relation was found to be 0.478 ±0.008 and for females 0.517 ±0.006. 
In each case these values may be considered significant, indicating 
that the lighter colored chicks have a tendency to develop into adults 
with under color which is lighter than the average. These results 
are clearly shown in Tables 7 and 8, for the chicks with down-color 
grades 1 and 2 mostly fell in adult grades 1 and 2 while the two dark- 
est dow T n-color grades seldom had adult plumage as light as grade 2. 

Pearson, K. on the probability that two independent distributions of frequency are really 
samples from the same population. Biometrika 8: 2.50-254. 1 d 1 1 . 
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This association could not have beep thp result of any bias of judg- 
ment on the part of the investigator, for he recorded the adult 
plumage grades without knowing what the down-color grade had been. 


Table 7. — Correlation between chick down color and adult under color ( males only) 


Grades of adult under color 

l 

Number of chicks with down j 
color of grade — | 

! Total 

1 

5 
24 

6 

2 

4 

49 

37 

6 

3 

i ! 

4 ! 5 | 


; 1 " " 

1 ! 9 


90 

214 

20 

4 | 107 

53 2 i 312 

4 j ! 30 

Total- 



35 

96 

324 

01 | 2 j 


Coefficient of correlation 0.478db0.008. 


Table 8. — Correlation between chick down color and adult under color (females' 

only) 


Grades of adult under color 


I Number of chicks with down 
j color of grade— 


Total 



1 

2 

3 

4 

5 

1 ........ 

4 

9 

1 




18 

72 

147 

8 


3 ... . . 

3 

30 

1 218 i 

j 42 1 

l 

4 ... 


3 

so 

15 I 

1 

Total . . . . . I 

25 j 

114 

390 

j 05 

2 


Coefficient of correlation 0.517rfc0.00fl. 


DOWN COLOR AND SMUT IN UNDER COLOR 

The occurrence of smut in under color is a common defect in 
Rhode Island Reds. In Table 9 is shown the relation of smut to 
down color. For determining whether the grade of down color in 
any way affects the occurrence of smut, the birds were divided into 
two classes, those showing smut and those lacking smut. Tf down 
color influences the occurrence of smut, the two classes should show 
a difference in distribution for down color. Table 9 shows that the 
individuals exhibiting smut had lighter average down color than 
those lacking it. This was true for both sexes and the difference 
between the down-color distribution for the two lots was found to 
be significant from the application of the x 2 test. Although many 
light chicks were free from smut and there were several of the darker 
grades which showed it, a difference in average down color of the 
two lots is evident. 


Table 9. — Relation of down color to the occurrence of smut in adult under color 


Item 


Adults showing smut 
Adults lacking smut. 


Number of chicks showing down color of grade indicated— 


Females Males 


1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

18 

39 

64 

7 

1 

15 

15 

24 

8 


14 

79 

351 

69 

2 

22 

74 

305 

51 

2 


X 2 «50.08 P=0.000000 X*-37.73 P« 0.000000 
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DOWN COLOR AND WHITE IN UNDER COLOR 

A common defect in Rhode Island Reds is the occurrence of 
white sections in the under color. This defect is found much more 
frequently in males than in females. The saddle is the section of the 
plumage where white more usually appears. The extent of white 
varies from a few feathers to large sections of the under color. Since 
the stock used for these studies showed white in under color some- 
what infrequently in females, data are given for males only. (Table 
10.) The comparison made was of individuals lacking and those 
having white in under color. The results show r that the birds having 
white in under color had, as chicks, down which averaged considerably 
lighter than that of the birds that were free from this defect. To 
state the results in another way, the light-down chicks are more likely 
to show’ white in their under color as adults than the dark-down 
chicks. Of the 03 chicks having down of the color grades 4 and 5, 
only 9 showed white. Of the 127 chicks having down of color 
grades 1 and 2, 54 showed white and 73 showed none. The applica- 
tion of the x 2 test for goodness of tit indicates that the difference 
obtained here is significant. 


Table 10. Relation of down color to the occurrence of white in under color ( moles 

only) 


Item 


Adults showing white. 
Adults lacking white 


| Number of chicks showing 

j down color of grade — 


IS ’M | 5(5 i 9 !__ 

17 ’ 5(5 2(59 j 52 j 

X 2 =47.7 /*— O.(KXKKX) 


DOWN COLOR AND BLACK IN WING 

The amount of black in the primary and secondary wing feathers 
varies widely. In some cases black is entirely absent and in others 
it extends over practically the w r hole feather. These studies have 
shown that there is a very close correlation between the amount of 
black in the primary and in the secondary feathers. As has already 
been stated, the classification of grade of black in wing was deter- 
mined by comparison with an arbitrarily graded standard, which is 
shown in Figure 1. To determine whether variations in shade of 
down color showed any relation to the amount of black in the win", 
Tables 11 and 12 were made. Since the males show r considerably 
more black in the wing than females, the records for the two sexes 
are presented separately. The data in these tables are for the primary 
wing feathers. The results on secondaries are not given since they 
are very similar. In neither case is the correlation significant, 
although in Table 12 there appears to be a slight tendency among the 
males for those in the darker wing grades to have darker down. The 
coefficient of correlation for males w r as 0.1 62 ± 0.028 and for females 
0.133 ±0.020, 
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Table 11 . — Correlation between chick down color and amount of black in adult wing 

feathers (females only) 


2 

3. 

4. 

5 

6 


Total 


Grades of black in adult wing 



Coefficient of correlation 0.133=fc0.020. 


Table 12. — Correlation between chick down color and amount of black in adult wing 

feathers ( males only) 


Grades of black in adult wing 


l 

2 _. 

3.. 

4 


6 .. 

Total 

Coefficient of correlation 0.1(52=1=0.028. 

DOWN COLOR AND EYE COLOR 

The eye color most sought for by the poultry fancier is a brilliant 
reddish bay. There are found, however, varying shades of red in the 
eye of Rhode Island Reds. In some cases the red color may be en- 
tirely lacking, leaving the eye a light gray. The color referred to is 
that of the iris. In addition to variations in the amount of red there 
are differences in distribution of color in the different grades of eye 
color. The reduction of the red pigment is first seen at the margin 
of the pupil and the last traces are usually found at the outer edge 
of the iris. As was true of the plumage, the eye color was not graded 
until the 6-months age was reached, after which there appears to be 
very little change, rlate 2 shows from right to left the order of 
disappearance of red from the eye. Table 13 presents the relation- 
ship of down color to eye color. The* two sexes showed the following 
distribution for eye color: 

Males 5 55 177 183 93 5 

Females 10 87 244 208 89 4 


Table 13. — Correlation between chick down color and adult eye color (both sexes) 



I Number of chicks with down [ 


1 

color of crude- 

_ 







_ 

Total 

| I 

2 ; 

3 

4 



. 1 1 

i ! 

13 

3 


18 

19 

37 ; 

92 

11 

2 

101 

9 

23 ; 

79 



118 

4 

i a 1 

79 1 

24 | 


122 

j 2 

in : 

r>8 ; 

H I 


92 

J- 1 


2 

1 1 


4 

' 3(7 

94 , 

323 j 

00 

2 
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The grades become progressively darker from left to right. The 
results show no relationship between adult eye color and chick down 
color, since the coefficient of correlation —0.123 ± 0.015 is statistically 
insignificant. 

DOWN STRIPING AND ADULT PLUMAGE COLOR 

Although Rhode Island Red chicks are usually of a more or less 
uniform red color above, stripes occasionally occur on the back. 
These are ordinarily brownish in color and vary from definite stripes 
to small irregular spots. Chick A in Plate 1 shows striping. Striping 
occurs rather infrequently in the stock studies, so data are available on 
only a limited number of individuals. The records showed the 
striped chicks to be preponderantly females (29 females to 5 males). 
Although the sex ratio is distinctly aberrant, the difference may be a 
chance one resulting from the small numbers. The records for the 
34 chicks that showed striping were studied in relation to the quality 
of the adult plumage. Much of the data on striping were taken 
before definite standards were used, and therefore did not lend them- 
selves to uniform tabulation. However, an examination of the 
descriptions showed that the striped chicks did not differ from the 
average of other chicks with respect to adult surface color since the 
range was from light to dark individuals. The distributions for 
black in wing and eye color were also practically normal. The under 
color of the striped chicks was, however, found to be of very poor 
quality. The records for these chicks show that 6 had good red under 
color, 10 medium, and 18 poor. The quality here is far below the 
average for the nonstriped chicks. The explanation of this poor 
quality is found in the data on the occurrence of smut and white in 
the under surface. Twenty were listed as showing much smut, 
8 some smut, 1 slight smut, and 5 no smut. Four showed much 
white, 10 some white, 5 slight white, and 15 no white. In all, 29 of 
the 34 showed some smut and 19 showed some white in the under 
surface. Considering all of the descriptions taken, less than 15 per 
cent of the females showed smut in the under surface, and the males 
showed much less. Of the striped female chicks over 85 per cent 
carried smut. Since so few females showed white in under surface 
no summaries were made for this sex in the study of white in under 
color. Although most of the striped chicks were females, over half 
of them showed some white in under color. One fact which should 
be taken into consideration is that striping is much more conspicuous 
in the lighter colored chicks and most of those listed as striped were 
of the lighter grades. Since it has already been shown that there is a 
relationship between down color and under color and also between 
down color and smut, the grade of down may also be a factor here. 
It can be said, however, that most of the striped chicks had poor 
quality of under color. 

SUMMARY AND CONCLUSIONS 

This study was conducted to determine whether Rhode Island 
Red chick down-color variations were heritable, and, if so, how they 
were inherited. It was also the purpose of the study to learn whether 
the variations found in down color bore any relation to adult plumage 
color variations. Any relationship found would, of course, be of 
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value in predicting, at hatching, the quality of adult plumage color 
to be expected. The relationship found between down and adult 
plumage color are purely physiological and not of the nature of 
genetic linkages. 

It was found that variations in the shade of the down color are 
inherited and that it was possible to establish strains which bred 
relatively true for the dark and light red down. A single genetic- 
factor difference seemed sufficient to explain most variations en- 
countered when the light and dark strains were crossed, neither con- 
dition being dominant. 

The relationship of down-color variations to the following varia- 
tions in adult plumage color were determined — general surface color, 
occurrence of black on the surface, breast color, under color, smut 
in under color, white in under color, black in the larger wing feathers, 
and eye color. The only significant correlation was found between 
the shade of down color and under color, and from this it was learned 
that a high percentage of the light-colored chicks developd into adults 
with light under color. In the same way most of the adults with the 
darker shades of under color showed dark-red down color as chicks. 
The lightest colored chicks also showed a tendency to develop into 
adults with under color showing much smut and white. Chicks 
showing conspicuous striping at hatching are likely to develop into 
adults with under color of inferior quality, usually carrying consid- 
erable smut and white in that section.. No agreement was found 
between the shade of the adult surface color and down color. The 
chicks having the lightest shades of down might develop into very 
dark adults. It was found, however, that the dark chicks seldom 
produced adults of the lighter shades of red. 

From a practical point of view, then, the light-colored Rhode 
Island Red chicks should be eliminated, primarily because of their 
effect upon the under color of the flock. If only individuals showing 
the darker shades of down are reared an improvement in under color 
may be expected. In order to eliminate smut and white from the 
under color, chicks showing striping should not be reared. If only 
chicks of the very darkest shades of down color are retained, the 
lighter colored adults will be avoided. 



VARIETAL RESISTANCE OF SOYBEAN TO THE 
BACTERIAL PUSTULE DISEASE 1 


By Samuel G. Lehman, Plant Pathologist , and James W. Woodside, Assistant in 
Pathology , North Carolina Agricultural Experiment Station 

INTRODUCTION 

The soybean, Soja max (L.) Piper, is susceptible to parasitic 
attack by a number of plant pathogenes. One of these, Bacterium 
phaseoli sojense Hedges, the causal agent of the bacterial pustule 
disease, 2 is widespread and occurs in a majority of the soybean fields 
in North Carolina. The organism overwinters in diseased leaf 
material A and on seed from diseased plants. 4 Seed treatments have 
served to delay the time when the disease became most abundant in 
a given season, but in no case has seed treatment given complete or 
even satisfactory control. The disposal of dead, diseased leaf material 
by plowing after harvest and the rotation of crops as generally prac- 
ticed are undoubtedly valuable aids to control, but the disease has 
on a number of occasions developedjn soybean test plots which had 
been planted with treated seed after an interval of at least one season 
in which no soybeans were grown on the land. In view of this situa- 
tion it seemed desirable to determine if any of the various varieties or 
strains under cultivation showed more than usual resistance to the 
bacterial pustule disease. Accordingly, field observations were made 
and certain experiments were conducted in order to gather a body of 
information bearing definitely on this point. The data collected from 
these observations and experiments are presented in the following 
Pages. 

FIELD OBSERVATIONS 

Observations were made at random in the field in the summers of 
1925, 1920, and 1927 wherever a number of varieties of soybean 
were found growing together. The presence or absence of bacterial 
pustule was recorded and usually the relative amount of disease on 
the different varieties was estimated. The result of the observations 
made in the late summer of 1927 on plants growing in three variety 
tests are given in Table 1 as an example of the findings obtained in 
each of the three seasons. 

This table shows that most of the varieties grown in these tests 
are susceptible to bacterial pustule. Such varieties as Dixie, Easy- 
eook, Ebony, Hahto, Hollybrook, Morse, and Peking showed the 

f reatest amount of disease. Still others, as Austin, Virginia, Goshen, 
labcrlandt, Herman, Merko, and Pine Dell Prolific, were somewhat 

1 Received for publication Apr. 2, J929; issued November, 1929. Published with the approval of the 
director of research as paper No. 33 of the Journal Series. 

3 Hedges, F. bacterial pustule of soybean. Science (n. s.) 56: 111-112. 1922. 

Hedges, F. a study of bacterial pustule of soybean, and a comparison of baot. phaseoli 
sojense hedges with BACT. phaseoli kfs. Jour. Agr. Research 29: 229-251, illus. 1924. 

Wolf, F. A. bacterial pustule of soybean. Jour. Agr. Research 29: 57--f>8, illus. 1924. 

3 Lehman, 8. G. studies on the bacterial pustule disease of soybean. (Unpublished manuscript.) 
4 Winters, R. Y. fiftieth annual report of the north Carolina agricultural experiment 

STATION FOR THE FISCAL YEAR ENDED JUNE 30, 192S. STATISTICAL SUMMARY FOR YEAR ENDING DECEMBER 
l, 1928. N. V. Agr. Expt. Sty. ^.nn. Rpt. 51: 60. 1929. 
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less severely infected but still showed considerable injury from the 
disease. Two varieties, Lexington and Columbia, were entirely free 
from bacterial pustule in the one test from which records for these 
varieties were secured. 


Table 1 . — Relative amount of bacterial pustule disease observed on different varieties 
of soybean growing in the field in three localities of North Carolina , in 1927 



Relative amount of I 


Relative amount of 



disease at— 




disease at — 


Variety 




Variety 





Willard 

Raleigh 

Moyock 


i Willard 

J Raleigh 

Moyock 

A. K 

(•) 

Little 


Laredo ..... 

J Much.. 

| 

Much.. 


Austin. .. ... 


Much. 

M uch. 

Lexington. 


i None . . 


Biloxi 

Little. 

Little. .. 


Mammoth Yellow. . 

.! Little. 


; Little. 

ChiquitH 

...do. . 

do 

Do. 

Mammoth Brown.. 

. Much 

Little.. 


Columbia 


None 


Merko 

1 

Much 


Dixie... 


: Very 




1 Very 




much . 




! much. 


Easycook . . . 

Verv 



Otootan 

j Little.. 

i Much . 

Do 


much 



Old Dominion. ...... 

do 

Little — 


Ebony 


J Very 


Peking 

1 

.j Very 




much. 




much. 


George W ashingt on _ _ 


. . Much. _ 


Pine Dell Prolific 


Much... 


Goshen 


do.. 


Sooty 

i Little. 

do 


Goshen Prolific 


do... . ! 


Southern Prolific. . . 

,.i Much 

. ! Little... 


Government.. 


do... | 


Tarheel Black 

.do ... 

..do... 

Much. 

Haberlandt 




Tokyo. 

. ..do 

! ..do .. 

Little. 

Hahto 

Very 

1 i 

Do. j 

Viriginia 

...do... 

. M uch . . 

Do. 


much. 



Wilson 


Little... 

Do. 

Herman 

Much.. 

-j Much... 

I 

Yokoterv 


i M uch . 


Holly brook. . 


Very 








much. 

I 





- .... J 


J i 

_! 

__ 





° Varieties for which no data are recorded at a (liven place either had not been included in the test at 
that place or had reached maturity and shed their leaves at the time the observation was made. 


Data such as those shown in Table 1, obtained by more or less 
random observation, are not very satisfactory as a basis for judging 
the disease resistance of different varieties of a given crop. For ex- 
ample, Mammoth Brown at Willard showed “much” disease while 
at Raleigh it showed “little.” On the other hand, Otootan showed 
“little” at Willard and “much” at Raleigh. The reason for these 
differences in the amount of disease on the same variety growing in 
different locations may be conjectured to be due to any one of 
several causes, as, for example, to differences in amount of natural 
inoculation, or to variations in susceptibility of different strains of 
the host plant, or to differences in degree of maturity of the host at 
the time the organism causing the disease was being disseminated. 
In order to obviate these differences to as great an extent as possible 
it seemed desirable that further data should be obtained from tests 
in which the varieties used were artificially inoculated with an 
abundance of the causal organism. By this method data could also 
be secured on a larger number of varieties. Two such tests, one in 
the greenhouse and one in the field, were made. 

GREENHOUSE VARIETY TEST 

In the greenhouse test 10 seeds of each variety were planted at 
a marked location in sandy soil in the greenhouse bench. After the 
plants had attained suitable size they were inoculated on several 
occasions by spraying with a water suspension of young cultures of 
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Bacterium phaseoli sojense previously isolated from a typical pustulate 
lesion taken from a leaf of the Biloxi variety. Just previous to each 
inoculation the soil of the bench was thoroughly wetted, and im- 
mediately following inoculation the bench was covered with a muslin 
cloth kept moist by repeated sprinkling over a period of three to four 
days, at the end of which time the cloth was removed. The seeds 
were planted on December 20, 1927, and the first inoculation was 
made on January 24, 1928. Subsequent inoculations were made on 
January 31, February 13, March 14, March 16, and March 20. The 
varieties of soy beans used in the test and the results obtained are 
recorded in Table 2. 

Table 2. — Relative resistance of different soybean varieties to infection by Bacterium 
phaseoli sojense in a greenhouse variety test , 1 92H 


Ratio of number of plants infected to number inoculated, in- 
tensity of disease and coefficient of susceptibility, on dat es 
indicated 


Variety I Uroup 

>ttr,ei> Feb. 21 Mar. .'10 ! Apr. 11 No. 

; :J&. . I 



Ratio 

Inten- 

sity 

Ratio 

Inten- 

sity 

Ratio 

Inten- 

sity 

Coefficient 


Austin. 

1 

8 ! 1 


(«) 





A. K 

3 

9 ‘ 

3:9 

„ i 

7:9 

1 

2. 05 

2 

Black Kjebrow 

0:6 

'4:5 

'■ 1 

5:5 

2 

5. 00 

3 

Biloxi:, 

4 

9 2 

'7:8 

ft r 

8:8 

‘2 

5. 00 

3 

Chestnut 

0 

f> 

0:0 

(<o 

4:6 

i 

1. 65 

2 

Columbia. 

0 

1 

0:1 

( h ) 

0:1 


. (Ml 

1 

Chiquita. 

0 

7 

3:7 


77 

0 

5. 00 

3 

Dixie _ 

0:6 . 

' 1 : 5 

M 

4:5 

2 

4. 00 

2 

Ebony . 

0 

7 

0:7 

(•') 

3:7 

1 

1.07 

2 

Goshen Prolific* 

2* 

0 

2 


(") 

9:9 

5 

12. 50 

t 

George Washington 

0 


0:7 

O 

6:6 

1 

2. 50 

2 

Government 

0 

4 

0:4 

C) 

0:4 


.00 

1 

Haberlandt 


10 

10:10 

« H 

10:10 

8 

20. (X) 

4 

Hamshet f . 

6 

4 

1:4 

' 1 

3:4 


1. 87 

2 

Holly brook 

7 

8 

6 

8:8 

h 

8:8 

f, 

12. 50 

4 

Habaro 

1 


1 '2:6 

1 

6:6 

1 

2. 50 

2 

Johnson 

4 

5 

.. . '4:4 i 

'1 

4:4 

1 

2. 50 

2 

Lexington 

3 

8 

1 | 3:3 

* 1 

3:3 

2 

5. 00 

3 

Laredo 

Morse. . 

0 

4 

9 

0:7 

1 ! 4:8 

CO 
>■ 1 

5:8 

9:9 

1 

2 

1. 55 
5. 00 

2 

3 

Merko 

Mammoth Yellow 

2:10 

0:7 

» 

2:10 

6:7 

( a ) () 

7:10 

7:7. 

1 

2 

1. 75 
5. 00 

3 

M anehu 

0 

7 ; 

0:7 

(') ‘ 

5:7 

1 

1. 77 

2 

Mammoth Brown 

0 

7 i 

'4:5 

* I 

5:5 

3 

7.’ 50 

3 

Old Dominion 

0:6 | 

0 : 0 

(') 

0:6 


.00 

1 

Otootan 

0:9 

6:9 

ft 1 i 

8:9 

2 

4.40 

2 

Peking 

Pine Dell Prolific 

0:8 

0:8 

° ('*) 
f> ] 

0:8 


.oo ; 

1 

1 

7 1 

1 :7 

6:6 

2 1 

5.00 

3 

Southern Prolific. . 

0:9 ; 

0:9 

CO r 

8:9 


2.20 j 

2 

Tarheel Black 

3: 10 3 

7:10 


8:10 

5 

10.00 

4 

Tarheel Black, ... 

8:9 

3 

8:9 , 

ft 1 

9:9 

2 

5.00 ] 

: 3 

Tokyo,. 

0 

7 


3:7 

ft 1 

6:7 

2 

4.25 

; - 2 

Virginia 

10:10 



(•) 

(<*) 



12. 50 

4 

Wilson... ....... 

1 

9 



' 


Wilson Black _ 

1 

8 

1 

2:8 

(«) 





Yokoten 

0:6 


0 :6 

ft 3 

6:6 

3 

7.50 I 3 

54610 

1 

7 

I 

1:7 

(ft) 


I 

2. 50 

o 

37261 

0:9 


'6:7 

h 2 

7 * 7 

2 

5.00 

3 

36906-A-7-10 

0:6 


0:6 

'•3 

6:6 

3 

1 

7. 50 

3 

36906- A-7-5-1 

0:8 


1:8 

ftl 

6:8 

1.87 

2 








“ Top leaves badly injured from becoming too dry. 
h Growing rapidly, foliage tender. 

' Remainder of plants died since last record was taken. 

'* Stunted, not growing properly, apparently because of unfavorable length of day. 

* Growing but less rapidly than varieties marked b, and possessing less succulent leaves. 
f Authors uncertain of correct ness of this name. 
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In this table infection records Jwo columns under 

three different dates. The fractions Svthf first 1 column are the ratios 
of diseased to inoculated plants, the denominator being the number 
of plants inoculated, the numerator the number whicn became in- 
fected on one or more leaves. The numbers in the second column 
under each date are intended to convey an idea of the intensity of 
the disease as indicated by the estimated relative number of lesions 
per leaf, the larger integers indicating proportionally larger numbers 
of lesions. The coefficients of susceptibility shown in the third 
column under date of April 11 were calculated for each variety by 
the following formula: 

Number of infec ted plan ts (o r lea ves ) . . 

Number of inoculated plants (or leaves) m ensl ^ 

By this formula the two factors used to measure susceptibility 
are combined in a single multiple for the purpose of facilitating 
comparison between varieties. The constant 2.5 is used only in 
Table 2. The range of the values used to indicate intensity of 
infection in Table 3, which is to be compared with Table 2, is 2.5 
times as great in the former as in the latter; hence the true coeffi- 
cients in the former are 2.5 times as great as in the latter for the 
same varieties. Introducing this factor 2.5 into the formula used 
for Table 2 and omitting it for Table 3 removes this difference and 
greatly facilitates comparison of the results recorded in the two 
tables. The different varieties are ranked and assigned a group 
number, using the coefficients of susceptibility as a basis of com- 
parison. The varieties having the lowest coefficients of suscepti- 
bility are placed in Group 1 ; those with highest coefficients, in Group 4. 
The different groups thus arbitrarily established are shown in Table 4. 

During the interval between the first inoculations in the green- 
house variety test and the time of taking the first data on February 
21, the temperature of the greenhouse was too low for a high per- 
centage of infection to occur. However, a comparatively small 
number of infections were found on the most susceptible varieties. 
By March 30, three additional inoculations having been made in 
the meantime, a considerable increase in the number of diseased 
plants had occurred. The proportion of diseased to healthy plants 
was still low, however. Because there was so little disease up to 
March 30, the data recorded on that and the previous date are not 
used in determining coefficients of resistance, but are presented to show 
the slow increase of disease with ameliorating temperature conditions 
and to corroborate the findings based on the data taken April 11. 
For several days previous to April 11, when the last records were 
taken, the daytime temperatures had been uniformly high and the 
nights warm, resulting in development of the disease on nearly all 
the plants. The grouping of the varieties in relation to resistance 
is based on the data taken on this date. 




Table 3. — Relative r< 


etQHCe of differ € fit soybean varieties to infection by Bacterium 
fogensoiifi ^$ld experiment , 1928 


Ratio of Dumber of plants or leaves infected to 
numter inoculated, intensity of disease, and 
coefficient of susceptibility on dates indicated 


September 24 


Average 

coefficient 


Ratio Inten* Coeffi- | Ratio Inten- ! CToetli- 
! (plants) sity cient (leaves) sity | cient 


Austin. 38:38 ! 8 8.00 ! («) 8.0 3 

A. K - 54:58 i 4 3.72 j 1.0 10 j 10.0 0.8 3 

Aksarben.. 21:23 4 3.04 j 1.0 10 10.0 0.8 3 

Black Eyebrow ! 54:54! 2 2.00 1.0 8 8.0 5.0 3 

Biloxi 59:50 j 8 8.00 .75 5 . 3.75 5.8 3 

Barchet . 11:15 ! 4 2.92 .8 5 4.0 3.4 2 

Chiquita 30:30 ! 5 5.00 .9 5 4.5 4.7 2 

Chestnut ... 50:50 10 10.00 1.0 10 10.0 10.0 4 

Columbia.. 2:22 1 .09 Trace 0.9 1 

Dixie 18:19 i 5 5.00- 1.0 15 15.0 10.0 4 

Ebony 45:45; 15 15.00- 1.0 12 12.0 13.5 4 

Easycook i 13:13 1 1 L00-; .5 2 1.0 1.0 2 

George Washington... 22:22 ! 8 8.00- 1.0 15 15.0 11.5 4 

Goshen Prolific 77:77 | 20 20.00- .8 10 8.0 14.0 3 

Government .. 43:44 i /» 5.00-i .8 5 4.0 ; 4.5 2 

Herman .... 16:15 I 8 8. ft) 1.0 IS 18.0 1 13.0 4 

Hainshet h .. . 4:4 ( 8 8.00 ! («) . 8.0 } 3 

Haberlamit No. 12 . 63:63! 5 5.00 1.0 10 10.0 7.5! 3 

Hollybrook 55:55 j 10 10.00 1.0 18 18.0 14.0 ! 4 

Hubaro 28:28 , 5 5.00 1.0 j 10 10.0 7.5 i 3 

H oosier - 30:30 ! 10 10. 00 1.0 I 15 15.0 : 12. 5 j 4 

Hamilton .... . . 4:4 4 4.00 1.0 I 15 15.0 9.5. 3 

Hahto. 14:14 2 2.00 .8 ! 5 4.5 3.2 2 

ItoSan ... i 11:11 - 2 2.00 (") !. 2.0; 2 

Johnson 25:25 i 8 j 8.00 10.0 i 10 10.0 9.0 3 

Laredo 30:30 i 5j 5.00 .«! 2 1.2 3.1 2 

Lexington 37:37 5 I 5.00 1.0 12 12.0 8.5! 3 

Mammoth Brown... 42:42 i 8 | 8. (X) 1.0 , 10 10. 0 9. 0 : 3 

Morse. ; 71:72 ! 5 1-5.00 1. 0 I 8 8.0 6.5 3 

Manehu ; 32:32 [ 5 -5.00 1.0 I 8 8.0 6.5 i 3 

Merko ... ... 42:42! 10 10.00 1.0 j 20 20.0 15.0 4 

Mammoth Yellow ...j 56:56 j 5 j 5.00 1.0 j 5 5.0 | 5.0 3 

Midwast 27:30 j 8! 7.20 1.0; 15 15.0 11.1! 4 

Mandarin \ 7:8 j 1 I .87 («) . ; .8 1 

Medium Green ,_i 20:20 4 i 4. (K) 1.0 15 15.0: 9.5 3 

Mikado i 22:23 , 2 -2.00 1.0 * 10 10.0 1 6.0 3 

Minsoy. ...i 5:5 2 2.00 1.0 20 20.0 1 11.0 4 

O too tan I 18:18 I 10 10.00 1.0 ‘ 10 10.0 10. 0 4 

Old Dominion | 19:19! 3; 3.00 1.0 5 5.0 4.0 2 

Pine Dell Prolific.. . . 46:46! 8: 8. 00 1.0 ! 18 18.0 13.0 4 

Peking. ; 28:30 4 2.82 1.0 i 10 10.0 1 6.4 3 

Southern Prolific. ...{ 52:52 5 5.00 1.0 15 15.0 j 10.0 4 

Tokyo i 52:52 5 5.00 .9 5 .. 4.5 4.7 2 

Tarheel Black i 35:47 1 .74 . 5 j 2 1.0 .h! 1 

Virginia ...... 77:77 15 16.00 1.0, 12 12.0 13.5 4 

Wilson.. ; 72:72 10 10.00 1.0; 10 10.0 I 10.0 4 

Wilson Black ! 35:36 5 -5.00 .9 5 4.5 | 4. 7 1 2 

Wilson Five 6:34 2 .34 .8! 5 4.0 | 2. 1 2 

Wea 9:9 2 2.00 1 («) i .. I 2.0 2 

Yokoten.. ,...j 24:24 5 5.00 1.0 ’ 20 20. 0 i 12.5 4 

35906- A-7-5-1 26:26 5 5.00 1.0 10 10.0 ! 7.5 3 

35906-A-7-10 17:17 5 5.00 1.0 5 5.0 5.0 3 

37261 43:43 8 8.00 1.0 15 15.0 11.5 4 

54610 ! 12:12 5 5. 00 ! 1.0 5 5.0 5.0 ; 3 

Yokoten h ..j 3:3 4 4.00 1 .8 2 1.6 2.8 j 2 


• This variety had matured and shed its leaves at this date. 
h Authors uncertain of correctness of this name. 
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Table 4. — Groups into which soybean varieties were classified on a basis of the 
coefficient range and their relative resistance to infection by Bacterium phasoeli 
sojense 


Group 

No. 

1 

Less than 1 _ 

Coefficient of susceptibility 

2 

1 to less than 5 


3 

• r > to less than 10 


4 

10 to 20. .... 



Resistance 


High. 

Moderately high. 
Moderately low. 
Low. 


Forty varieties and selections were included in this test. Of this 
number 4, Columbia, Government, Peking, and Old Dominion, are 
placed in Group 1 for high resistance; 16, in Group 2 for moderately 
high resistance; 12, in Group 3 for moderately low resistance; 5, in 
Group 4 for low resistance; and 3 are given no group number because 
of insufficient data. It is probable, as indicated in Table l,that the 
variety Peking in Group 1 would have fallen into Group 2, 3, or 4 
had not the top leaves been injured by severe drying about the time 
temperatures in the greenhouse were becoming favorable for infec- 
tions to occur. The plants of the varieties Old Dominion and Gov- 
ernment were 8 to 10 inches tall on March 30. At that time they 
possessed four and five trifoliate leaves, respectively, and were grow- 
ing but not so rapidly as some other varieties. It is probable that 
under conditions more favorable for growth and for occurrence of 
infections these plants would have fallen in Group 2 or 3. Only one 
plant of the variety Columbia came up. On March 30 this plant 
was growing rapidly, having produced nine trifoliate leaves on a 
stem 24 inches long. The tender succulent character of this plant 
was very favorable for infection, the success of which was very 
probably thwarted by the factor of inherent resistance. In general, 
the plants falling in Groups 3 and 4 were growing well and possessed 
tender foliage. On the other hand, some of the varieties placed in 
Group 2, notably Chestnut, Ebony, Habaro, and Manchu, showed a 
stunted condition accompanied by very slow growth and early pod 
development, due supposedly to a photoperiod unfavorable for the 
best development of these varieties at this season of the year. Had 
conditions been favorable for more rapid growth, such for instance 
as occurs in the field in the summer months, these four varieties 
probably would have shifted to a place with the less resistant varie- 
ties in Group 3 or Group 4. 

FIELD VARIETY TEST 

The seeds used in the field experiment were planted in sandy loam 
soil on bottom land adjacent to a small creek. Seeds of most of 
the varieties were planted on June 18, 1928; the remainder, on July 2. 6 
The plants were inoculated by spraying them on several occasions 
with suspensions of Bacterium phaseoli sojense of the same strain 
used in the greenhouse experiment described above. Late afternoon 
or evening and, as often as possible, rainy days were chosen as the 
most fitting time for applying the bacteria to the plants. The first 
inoculation was made in the evening of July 12, a cloudy, showery 


* Acknowledgment is made of the kind cooperation of William J. Morse, of the U. 8. Department of 
Agriculture, who furjnished seed of l/> of the varieties used. 



Nov. is, 1029 Bacterial Pustule Disease of Soybean 801 


day. This inoculation was confined to the varieties planted on 
June 18, since these plants had two to three trifoliate leaves apiece, 
while some of the varieties planted on the later date, July 2, were 
just coming through the ground. The second inoculation was made 
on July 17, at which time all the varieties were sprayed with the 
bacterial suspension. Other inoculations were made on one subse- 
quent date in July and on three in August. 

As a means of testing the virulence of the bacterial suspension used 
i or the several inoculations, a pot of plants of the Herman variety 
was inoculated each time and kept for a few days under a bell jar in 
the greenhouse. In each instance the disease developed abundantly 
on the check plants in the greenhouse. 

On August 1, and again on September 24, the plants in the field 
were examined in order to determine the amount of disease present. 
The data obtained are recorded in Table 3. With the exception of 
two varieties, Columbia and Wilson Five, all or practically all of the 
plants of each variety in the test were diseased by August 1 . By 
September 24 the plants of many of the varieties had become so large 
and tangled that counting was not feasible, and it was thought that 
an estimation of the percentage of diseased leaves would serve as a 
better basis of comparison. These data, originally taken as percent- 
age of diseased leaves, are recorded not in terms of percentage but as 
the equivalent decimal fraction (column 5). This decimal expresses 
the ratio of diseased to inoculated leaves. The coefficient of suscepti- 
bility is calculated for each variety at each time of taking the data. 
The average of the two coefficients is employed to determine the rank 
or group number of each variety using as a basis the scale given in 
Table 4. 

Fifty-five varieties were tested in this experiment. Of this number, 
3 fall into Group 1 for high resistance; 13 into Group 2 for moder- 
ately high resistance; 22 into Group 3 for moderately low resistance; 
and 17 into Group 4 for low resistance. The three most resistant 
varieties, as indicated by this test, are Columbia, Mandarin, and Tar- 
heel Black. On September 24, when the second set of data were 
taken, the variety Mandarin was mature and had shed all its leaves. 
It is quite possible that this variety would have fallen into Group 2 
if a second set of data had been taken previous to .the shedding of its 
foliage. In regard to the proper placing of the variety Tarheel 
Black, the field and the greenhouse inoculation experiments are not 
in agreement. In the field this variety, as noted above, fell into 
Group 1, while the results obtained in the greenhouse experiment 
placed it in Group 4. General field observations, as recorded from 
time to time (Table 1), indicate that Tarheel Black is not highly 
resistant to bacterial pustule but should be put in Group 2 or possibly 
Group 3 rather than in Group 1. 

A summary of the results of the greenhouse and field tests is pre- 
sented in Table 5. Of the 16 varieties placed in Group 2 in the green- 
house test, onlv 2, Laredo and Tokyo, fall into that group in the field 
test, the remaining 14 falling equally in Groups 3 and 4. Seven of 
the 13 varieties in Group 2 of the field test were not included in the 
greenhouse test; 2 were from Group 1, 2 from Group 2, 1 from Group 
3, none from Group 4, and 1 was not classified. Of the 12 varieties 
in Group 3 of the greenhouse test. 2 shift Jo higher groups in the field 
tests, 7 remain in Group 3, and 3 shift to Group 4. Only 3 of the 5 
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varieties in Group 4 of the greenhouse test shift to higher groups in 
the field, while of the 17 in Group 4 in the field test, 7 came from Group 
2 and 3 from Group 3 of the greenhouse test. There is evident a 
general shifting of varieties ,from groups of high resistance into groups 
of lower resistance with but little shifting in the opposite direction 
when the experiment is transferred from the greenhouse to the field. 
Such a shift is to be expected when one considers that the greenhouse 
experiment was conducted in winter and early spring when tempera- 
ture and other conditions were not so favorable for infection as in the 
field in summer. 

Table 5 . — Summary of results of greenhouse and field tests on the resistance of 
different soybean varieties to infection by Bacterium phaseoli sojense 


Group No. 


1. 

2 . 


3. 

1 


Total - . 

u Includes three varieties not classified. 

Both the field and greenhouse tests indicate that the variety 
Columbia holds first place among the varieties tested for resistance to 
bacterial pustule. This finding is in harmony with the observation 
recorded m Table 1, in which Columbia was free from bacterial 
pustule when varieties in near-by rows showed high infestation. Of 
fche other three varieties, Government, Old Dominion, and Peking, 
which fell in Group 1 in the greenhouse variety test, Government and 
Old Dominion fall into Group 2 and Peking in Group 3 in the field test. 

The varieties Hollybrook and Virginia fall in Group 4 in both 
experiments. This fact would seem to mark them as the most 
susceptible of the varieties tested. However, notes taken in the 
field but not shown in Table 3 indicate that the varieties Yokoten, 
Minsoy, Merko, and Pine Dell Prolific were injured quite as badly as 
Hollybrook and perhaps more than Virginia. Lesions were very 
numerous on the leaves of all these varieties and a large proportion 
of the leaf tissue was killed by confluence of diseased areas. 

GREENHOUSE TEST WITH COLUMBIA 

As a further test of the resistance of the variety Columbia to the 
bacterial pustule disease, young plants growing in pots in the green- 
house and having one trifoliate and two unifoliate leaves open were 


Number of varieties in 
each resistance group 


Greenhouse 

experiment 


4 

ift 


Field ex- 
periment 


Varieties which are same in 
each experiment 


Num- 

ber 


N ame 


N umber of varie- 
ties in greenhouse 
test shifting to 
other groups in 
Held test 


,To higher To lower 
I resist- resist- 

I ance ance 

group group 


1 Columbia j 

/Laredo I 

i Tokyo I 

( Black Eyebrow, Bi- ,] 
loxi, Morse, Lex- | 
ington, Mammoth > 
Yellow, Mammoth I 
Brown, 3590ft - A- 7-1 «!) 
/Hollybrook .. \\ 

\ Virginia ..!/ 


2 


2 i 


12 ■ 


3 

14 



Nov. If), FJ29 


803 


Bacterial Pustule Disease of Soybean 


inoculated on January 30, 1929, by rubbing their upper and lower 
surfaces with a heavy suspension of the pustule organism. The 
plants were immediately placed under bell jars and kept there for four 
days in order to maintain a condition of high relative humidity 
favorable to infection. During the infection and incubation period 
the greenhouse was kept at a temperature previously determined to 
be favorable for development of the disease. As a check on the 
virulence of the cultures used, young plants of the Herman variety 
were inoculated by the saint* method and with the same bacterial 
suspension used on Columbia. Still another check of Herman was 
inoculated in the same manner but with a nonparasitic bacterium to 
test the effect of such mechanical injuries to the leaves as might result 
from handling and rubbing them in the process of inoculation. Both 
checks of the Herman variety were subjected to the same conditions 
of humidity and temperature as those of the variety Columbia. 

At the end of nine days no infections could be detected on Columbia, 
but infections on Herman plants inoculated with Bacterium phaseoli 
sojense were very numerous, and some of the leaves were dying 
because of the great number of lesions. The bacteria entered 
quickly and produced rapid injury at places of mechanical abrasion, 
but large numbers of lesions resulted from stomata! infection also. 
Some mechanical injury was apparent on the Herman plants inocu- 
lated with the nonparasitic bacterium, but no symptoms typical of 
lesions of bacterial pustule* developed about these injuries nor did 
any of the leaves die. Likewise, mechanical abrasions were apparent 
on the* plants of the Columbia variety, but no bacterial infections 
occurred at any time at the points of injury on these plants, not did 
any of the leaves die from mechanical or pathological effects resulting 
from the inoculation. 

By the sixteenth day, however, a comparatively small number of 
infections (about 50 in all) had occurred on the variety Columbia. 
All of these were on trifoliate leaves, the great majority occurring on 
two small areas of the 12 trifoliate leaflets inoculated. No infections 
were present on the unifoliate leaves of Columbia, while on the cor- 
responding leaves of the Herman variety lesions were very numerous. 
From this it appears that the very young leaves of the Columbia 
variety an* susceptible to infection under especially favorable condi- 
tions and that they lose this susceptibility more quickly than the 
leaves of Herman. 

A very obvious difference was apparent in the size and appearance 
of the lesions on the leaves of the Columbia and Herman varieties. 
The lesions produced by the bacterial pustule organism are normally 
characterized by the development of a pustule the base of which is 
circumscribed by a yellow halo. The pustule usually soon ruptures 
or dries down and a brown or reddish spot appears. This brown spot 
may increase considerably in size, but the yellow halo is always an 
evident and often the most conspicuous feature of the lesion. On 
the variety Columbia, in the experiment recounted above, only the 
faintest suggestion of a yellow halo could be seen about some of the 
pustules, while about most of them no evidence of a halo could be 
distinguished, the spot being no wider than the base of the pustule 
itself. On the leaves of Herman, however, the yellow' halo w r as 
strongly evident, the brown necrotic area£ in the centers of the lesions 
were broader, and the estimated average total width of the lesions 
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was three to four times that of the lesions on Columbia. This practi- 
cally complete suppression of the yellow halo and the smaller size of 
the lesions may be taken as amother indication of resistance on the 
part of the variety Columbia. 


DISCUSSION AND CONCLUSIONS 


Random field observations and more carefully executed artificial 
inoculation tests in the greenhouse and in the field have yielded 
certain data indicative of the relative resistance of 56 different 
varieties of soybean to the bacterial pustule disease. Lists of the 
varieties which possess highest, intermediate, and lowest resistance, 
as judged by the writer from general field observation arid experi- 
mental tests, are given below. The varieties in each list are arranged 
in the order of decreasing resistance, the least resistant coming last. 


Highest 

Columbia 
Mandarin 
Old Dominion 


Intermediate 

Laredo 

Chiquita 

Mammoth Yellow 
Tarheel Black 
Biloxi 
Otootan 
Goshen Prolific 
Southern Prolific 


Lowest 

H oosier 

Midwest 

Medium Green 

Virginia 

Herman 

H aberlandt 

Pine Dell Prolific 

H oily brook 

Minsoy 

Merko 

Yokoten 


Minsoy, Hollybrook, Merko, and Yokoten are probably the most 
susceptible. Herman, Virginia, Pine Dell Prolific, and Midwest are 
also highly susceptible. Aside from Herman and Virginia, the varie- 
ties most commonly cultivated in North Carolina, namely, Laredo, 
Otootan, Mammoth Yellow, Biloxi, and Tarheel Black, are inter- 
mediate in resistance. 

The variety Columbia is highly resistant to the particular strain 
of the bacterial pustule organism used in the tests described in this 

E aper. This high resistance is indicated by the results of the green- 
ouse and the field variety tests. Although only 1 plant of this 
variety w T as available for use in the greenhouse variety test, this 
plant grew rapidly and was in a tender condition favorable for infec- 
tion during the whole period of the test. It had produced nine leaves 
on a stem 24 inches long and w as larger than the plants of any other 
variety on March 30, when the last disease records were taken. 
Because of its large size and numerous leaves it could not have escaped 
a liberal application of inoculum. That this variety is not completely 
resistant or immune to bacterial pustule is shown by the occurrence 
of lesions on 2 of the 22 plants examined in the field on August 1, 
and on the plants of this same variety inoculated in the second 
greenhouse test on January 30, 1929. In this second greenhouse test 
conditions very favorable for infection were maintained, with the 
result that some infections did occur on Columbia. However, the 
amount of disease on Columbia was small compared with that on 
Herman. The very young leaves of Columbia are susceptible under 
conditions very favorable for infection, but thev lose this suscepti- 
bility much earlier than those of more susceptible varieties. This is 
indicated /by jthe occurrence of numerous lesions on the unifoliate 
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leaves of Herman, while the corresponding leaves of Columbia 
remained free. The relatively small number of lesions which did 
occur on Columbia in the second greenhouse test, the slowness with 
which they appeared, and the nearly complete suppression of the 
customary yellow halo are indications of the relatively high resistance 
of this variety. 

The same strain of Bacterium phaseoli sojense was used in all the 
tests described in this paper. This strain (S. B. P. 8 Col. A) was 
isolated on August 28, 1927, from a young lesion on a leaf of the 
Biloxi variety. It will be of interest to learn whether this variety is 
equally resistant to all strains of this organism. 

According to Piper and Morse, 6 the variety Columbia was intro- 
duced in to America from Paotingfu, China, in 1908. It is a green- 
seeded variety which produces a rather stout erect growth and bears 
both purple and white flowers. It matures in about 125 days. Colum- 
bia is not grown on the farms of North Carolina, but it is hoped that 
its resistance will be found to encompass all strains of the bacterial 
pustule organism, and that it may be used as a parent in the work of 
combining the quality of high resistance to bacterial pustule with the 
desirable characters of the ino're popular varieties of soybeans now 
being grown. 

SUMMARY 

Certain observations have been made relative to the natural 
occurrence of the bacterial pustule disease of soybean in variety 
tests in the seasons of 1925, 192b, and 1927. A record of the relative 
amounts of disease occurring on 33 different varieties observed in 
1927 is given. 

Artificial inoculation tests were made in 1928 in which 40 varieties 
of soybeans growing in the greenhouse and 55 varieties planted in 
the field were sprayed on several occasions with heavy suspensions 
of Bacterium phase oli sojense. Columbia was found to possess greater 
resistance to infection by this bacterium than any other variety 
used in these tests. 

Infections did occur on Columbia when inoculated plants were 
kept under especially favorable conditions, but the lesions developed 
more slowly, were smaller and fewer in number than on resistant 
varieties, and development of the halo was almost completely sup- 
pressed. 

The varieties Hoosier, Midwest, Medium Green, Virginia, Herman, 
Haberlandt, Pine Dell Prolific, Holly brook, Minsoy, Merko, and 
Yokoten are the least resistant of the varieties tested. The more 
commonly cultivated varieties Laredo, Chiquita, Mammoth Yellow, 
Tarheel Black, Biloxi, Otootan, Gosehn Prolific, and Southern Prolific 
are intermediate in resistance. 

8 Piper, C. V., and Morse, W. J. the soybean. 329 p., illus. New York. 1923. 
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A PATHOLOGICAL FEATURE OF FLEA-BEETLE INJURY 
OF POTATO TUBERS 1 

By H. G. MacMillan, Senior Pathologist, and L. A. Schaal, Assistant Pathol- 
ogist, Office of Horticultural Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

The potato flea beetle ( Epitrix cucumeris Harr.) (5) 2 has long 
infested potatoes in northern Colorado. Since 1904 the annual loss 
caused by the insect in that section has usually amounted to $100,000 
or more (2). The damage caused by the feeding of the adult beetles 
on the foliage is considerable, but the losses caused by the feeding of 
the larvae on the tubers are unquestionably of more importance. 
Under sales competition and grading rules the potatoes suffer, with 
losses to grower and dealer arid to the reputation of the district 
generally. From year to year the damage has varied in severity. 
Efforts to control the beetle have been only partially successful. A 
study of the beetle damage to tubers grown in pathological experi- 
ments led to the belief that some additional factors might be respon- 
sible for some of the severe injury usually attributed to flea beetles. 

REVIEW OF LITERATURE 

The literature dealing with the flea beetle is extensive and volumi- 
nous. No effort has been made to review it all, as studies of mor- 
phology and life history are of no concern here. The statements con- 
cerning damage to the tubers are brief and consistent. Stewart (IS) 
stated that the larvae made “pimples*’ on the tuber surface and 
developed “slivers” in the flesh. Johannsen (3), Webster ( 14 )> and 
Britton (1) reported the same type of injury. None of them, however, 
mention long tuber scars or worm tracks. Recently Hoerner and 
Gillette (2), in a competent life-history study, meiitioned the worm 
track but briefly. 

EXPERIMENTAL FIELD CONDITIONS 

At the Colorado Potato Experiment Station, Greeley, Colo., potato 
diseases are being studied. For some years the flea beetle has been 
a growing evil, damaging vines and tubers and spoiling the experi- 
mental results. In an effort to combat the beetle, all experimental 
plots, regardless of the purpose for which they were intended, were 
sprayed with a 5-5-50 Bordeaux mixture to which was added 2 pounds 
of Paris green per 100 gallons. In times past the beneficial results of 

1 Received for publication Mar. 30, 1929; issued December, 1929. 

* Reference is made by number (italic) to “Literature cited/' p. 814. 
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this treatment have varied. In 1928 the field was sprayed only twice 
because a hail on July 19 stripped the vines of leaves, broke the stems 
and branches, and practically ruined the field for its original purpose. 
After that date spraying was not considered worth while. By that 
time, however, the beetles should have laid their eggs (#). 



Figure 1.— A-C, Tubers showing slight scab-infected worm-track and pimple injuries. The seed 
potato from which A was grown was treated with graphite, a substance nonpoisonous to patho- 
genic organisms. The cut seed potato from which B was grown, and the whole seed potato from 
which C was grown, were untreated. The worm tracks in B were infected with both Actino- 
myces and Rhizoctonia. D, Scab-infected tuber grown from an untreated whole parent tuber 
and showing typical pimple development 

The experimental field was originally intended to be used for testing 
seed treatments to control Fusarium blight. The seed potatoes were 
treated in different ways. After cutting, parts of the seeds were 
dipped in each of three organic-mercury compounds; and, prior to 
cutting, other seeds were soaked one and one-half horns in 1: 1,000 
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mercuric chloride. Cut seed dusted with graphite, untreated whole 
seed, and untreated cut seed as controls completed the experiment. 
All the seed potatoes were of the Bliss Triumph variety from a single 
source. 

During the season the field was irrigated but twice. Ordinarily 
five or six irrigations would have been given. Unusually severe 



Figure 2.~-Tubers grown from treated seeds: A, Showing inconspicuous flea-beetle injury; B-l), 
showing slight pimple and worm-track injury. A seeds were treated with organic mercury A; 
B, with organic mercury /?; C, with organic mercury C; and P, with mercuric chloride 


recurring rains made complete experimental management of the field 
impossible and interrupted the irrigation program. 

* Throughout the growing season the flea beetles were active and 
moderately abundant. The infestation was uniform. The foliage 
injury, as frequent investigation showed, was uniform over treated 
and untreated lots. The repellent spray w$s needed early in the grow- 
ing* season. The beetles were to be found after the above-mentioned 
hail, however. 
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The potatoes were harvested on September 26 and 27. In sorting, 
the immediately striking result was the variation in the amount of 
common scab (Actinomyces scabies (Thax.) Gues.) found in the tubers 
from seed potatoes receiving different treatments. Throughout the 
field the damaging amount of worm track occurred uniformly where 
the worst scab appeared. Representative samples from each treat- 
ment were reserved for laboratory study. 

LABORATORY RESULTS 

Of the bushel or more of potatoes saved from each treatment, each 
of which was a composite sample, all were examined for insect injury. 
There was some variation in severity in each of the seven lots. From 
each were selected several tubers characteristic of the lot. They were 
neither the cleanest nor those with the worst worm tracks. They 
were entirely average, characteristic, and representative. 

The more severely affected tubers were marred by scars, which were 
often winding and crossing, usually raised, bulging, eruptive, some- 
times ravinelike, and discolored in the depths. In addition there 
were pimplelike swellings that seemed to be bursting from within. 
The tuber surfaces were rough, eczematous, arid decidedly objection- 
able. The tubers showing the best appearance were smooth. The 
worm-track scars, though winding like the others, were smooth and 
only slightly different in color from the normal epidermis. The points 
at which the larvae had burrowed showed slight scars but no pimples. 
The older tracks were shallow and narrow, the normal epidermis de- 
veloping a light feathery edge along the margin. Occasionally there 
would be a rougher spot, small in extent. The number of worm tracks 
and the burrows or tunnels were no fewer in the lightly infected 
than in the more severely infected tubers, but the appearance was 
greatly improved. The tubers in Figures 1 and 2 are typical of the 
lots represented. Each shows approximately the same degree of 
injury from attacks of the larvae, but with very considerable differ- 
ences in the development of scars. 

Tubers which were not attacked by flea-beetle larvae but which 
bore scab lesions showed characteristic symptoms of scab. The scab 
spots, which were usually flat, were much larger than a pimple injury, 
and the interiors were filled with soft corky tissue. True scab injury 
would not be confused with that caused by the scab organism invading 
larvae injuries. 

CULTURE OF TUBERS 

Tubers from each lot were cultured, pieces of tissue being taken 
from the worm-track areas and pimples. The method described 
by Shapovalov (12) was used. After the surface had been sterilized 
with hydrogen peroxide, the material was carried to sterile water 
blanks, and from these to melted nutrient agar, and poured into Petri 
dishes. In the case of the cleaner tubers, where the worm-track corky 
tissue was too shallow to be separated, the worm-track tissue was 
macerated and cultured. The dishes were incubated at 32° C. for 24 
hours, examined, and isolations made. At a later time the growths 
were identified. The result of the culture work is shown in Table 1. 
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Table 1 . Result# of culturing representative worm-track and pimple injuries on 
tubers grown from treated and untreated seed 



: Tubers 

Tuben 

< yield- ; 

Tubers v 

ield- 

Treatment of seed 

; <ur- 

ing A 

ctino- | 

ing < ’orti 

cum 


lured 

myces 

scabies : 

vaguin 

Untreated: 

Number 

Number 

Per cent 

Number] P\ 

er cent 

Cut. . . 

. 32 

2 6 j 

81.25 

8 

‘2b. 00 

Whole 

32 

22 1 

08. lb 

3 

0. 37 

Graphite. ... 

. 20 

IK 

\ 00. 00 

3 

15.00 

Total or average ..... ..... 

. ! 84 

00 ; 

78. 57 ! 

14 

10. 06 

Treated: 






( )rganic mercury A 

... . . 20 

5 

17.24 

1 

3. 44 

Organic mercury B 

30 

5 

1 0. 00 

0 

0 

Organic mercury V . ........ 

. - . . i 23 

3 

13.04 

0 

0 

Mercuric chloride. . 

.... 27 

•r* ! 

IS. 51 ' 

0 

0 

Total or average . ... 

: mo 

~ ,h i 

10. 51 

1 I 

.02 


DISCUSSION 

The tubers of the untreated group show 78.57 per cent scab infection 
in the worm-track areas as compared with 16.51 per cent infection 
in the treated group. These results are not strictly comparable, 
however. In the untreated group the worm-track areas were heavily 
scabbed; the surface corky tissue was lifted oil’, and the tissue to be 
cultured was taken from beneath. In the treated group a thick corky 
tissue had not developed, and the worm-track areas were macerated 
and cultured. In examinations of the plates from the treated group 
the scab organism was commonly found growing from the epidermal 
surface and not from the corky tissue beneath. It appeared to be a 
surface-contaminating organism and not an infecting one. While the 
percentage (16.66) of Rhizoetonia found in the untreated group is 
moderate, the damage resulting from it was small. The worm tracks 
were damaged mostly by scab. 

Table 2. — Total and nonrnarketable ( scabbed ) yields of potatoes, graded to market- 
able size , grown from treated and untreated seed 


Scabbed po- 
tatoes 


Treatment of seed 

Units 1 

Total 

weight: 






Weight 

Per 

cent 

Untreated: 

Nu mber 

Pound a 

Pounds 


Out.. . . .. 

‘21 

7, 397 

965 

13.04 

Whole ... 

. 0 

2, 386 

302 

12. 65 

Graphite 

0 

2, 288 

240 

10.88 

Total or average . . . 

45 

12,071 

1, 516 

12. 56 






Treated: 





Organic mercury A. . 

- - 1 9 

2, 450 

40 

1.63 

Organic mercury B . 

- .: 9 

2, 535 

38 

I 1.40 

Organic mercury C ... 

0 

2, 168 

40 

| 1.84 

Mercuric chloride. 

0 

2,517 

63 

| 2. 50 

Total or average. ... 

36 

0, 670 

181 

! 1.87 


1 Each unit consisted of the total yield of a portion of row 300 feet long. 

The weight and the percentage of scabbed potatoes found in the 
experimental field are snown in Table 2. The potatoes were sorted 
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for marketable size, and those that were nonsalable because of scab 
were taken out. This classification did not necessitate the elimina- 
tion of tubers damaged by clean or scab-infested worm track. Table 

2 shows that of the tubers grown from untreated seed 12.5b per 
cent (an unusually high percentage for the Greeley district) were 
unmarketable because of scab. Of the tubers grown from treated 
seed only 1.87 per cent were scabbed. It appears therefore, that the 
treatments, besides reducing infection of worm tracks, decrease scab. 

The infection of the worm-track areas of the tuber by Actinomyces 
scabies and by the Rhizoctonia fungus ( Corticum vagum Berk, and 
Curt.) has been observed for some time. Figure 3 shows a tuber of 
the Pearl variety deeply corroded by Rhizoctonia following worm- 
track injury. In the Greeley area scab and Rhizoctonia are usually 
moderate parasites, requiring suitable weather conditions for their best 
development. In 1920, at the place where the tuber shown in Figure 

3 was taken, Rhizoctonia was well developed on all tubers where 

injuries to the skin ren- 
dered infection easy. 
Scab likewise attacks 
tubers where the epi- 
dermis is thin, for 
thickness of the epi- 
dermis is one of the 
essential natural scab- 
resisting features of the 
potato. Jones (4) 
earlv noted that Cam- 
bridge Russet was scab 
resistant. Lutman (7, 
p. 30) found that the 
thickness of the skin 
determines the resist- 
ance of the tubers to 
scab. The effect of 
the feeding of the lar- 
vae on the tuber sur- 
face is essentially to 

reduce the thickness of the periderm. The larvae eat away the 
epidermis and a few layers of cork cells beneath. More cork cells 
are produced from the phellogen to repair the damage, but a thin 
place remains in the protective covering of the tuber. Figure 4 
shows a free-hand section through an uninfected worm track. At a 
is shown the normal epidermal tissue, consisting of the thickened 
epidermis, beneath which are the compact cork cells, and at b is the 
worm track itself, without epidermis but showing the growing cork 
cells. It is in this tissue that infection occurs. Lutman and Cunning- 
ham (8) found that the loose cellular formation of the tuber lenticel 
normally offered easy entrance to the scab organism. Lutman 
had previously found that scab frequently occurred at lenticels. 
Recently Sanford (17) stated that lenticels are the principal points 
of scab infection. The injury caused by the larvae of the flea beetle 
creates a similar point of entry for the scab organism. 

The conditions that favor the development of scab in the Greeley 
area differ from those generally reported as favoring scab develop- 



Fiqure 3.— Pearl tuber grown from untreated seed; badly damaged 
by llhizoctonia which followed flea-beetle injury 
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inent. Sanford ( 10 ) found that abundant scab developed in very 
dry soils, while soils sufficiently moist produced almost clean tubers. 
Millard ( 9 ), commenting on the occurrence of scab in England, 
stated that it is more prevalent in dry than in wet seasons. Other 
investigators have contributed similar evidence. In the Greeley 
area the greatest scab development is during wet years, or on wet 
ground. The growing season of 1928 was unusually wet. Between 
June 15 and August 1, 6.53 inches of rain fell at the experimental 
field, or over one-half the average annual precipitation. The amount 
of scab aside from worm track was much larger than usual. In dry 
years scab is commonly found only at the lower ends of rows where 
irrigation water remains longest and drainage is poorest. Hoerner 



Figure 4.— Photomicrograph of a free-hand section through an iminfected worm track, showing 
normal epidermis and cork cells at a, and a portion of epidermis fed upon by a larva that caused 
the worm-track scar at 6. This is without epidermis and shows loose cork cells formed from the 
phellogen 

and Gillette (2) found that the severe worm-track injury occurred in 
wet ground or at the lower ends of irrigated rows, and also that smooth- 
skinned potatoes showed the greatest injury. The writers have made 
similar observations in regard to scab development in the Greeley 
area. 

A suitable seed treatment effectively controls common scab under 
the conditions prevailing at Greeley. By eliminating the possibility 
of infection of the worm-tracked or tunneled areas, the most obvious 
damage to the tuber may be greatly reduced. The worm-tracked 
areas are relatively inconspicuous, and the points at which the larvae 


814 Journal of Agricultural Research voi. No. n 


tunnel do not develop the pimple type of injury. The question may 
well he asked whether the pimples described by entomologists (I, 8 , 
13) were not infected by scab. Where Rhizoctoniahas been the active 
parasite following worm track the injuries are much more severe. 
Suitable treatment of seed potatoes for the control of scab and Rhi- 
zoctonia is an essential factor in the reduction of the tuber injury 
caused by the larvae of the flea beetle. 

SUMMARY 

The flea beetle ( Epitrix cucumeris) has long damaged potatoes in 
the Greeley area of Colorado. The foliage is eaten by the adult 
beetles, and the damage caused by the larvae when feeding on the 
growing tubers has been a direct cause of economic loss. No complete 
control of the beetle or its larva has been found. 

The damage caused by the larvae is of two kinds. The tuber 
surface is marred by the so-called worm tracks, and the places at 
which the larvae burrow into the flesh develop pimples. In the 
tuber flesh beneath the pimples are cores or slivers, which are found 
when the tuber is pared. The feeding of the larvae on the tuber, 
either in the portion appearing as tracks or at the point of burrowing, 
makes thin spots in the periderm, favorable to the entrance and 
infection of the spot by the scab organism (Actinomyces scabies). 

If the seed potatoes have been suitably treated with mercury com- 
pounds the scab organism usually does not infect the larvae-mjured 
potatoes. The tubers from treated seed, while attacked by the 
larvae as severely as tubers grown from untreated seed, show relatively 
little surface eruption or pimples. They are clean, bright, and 
smooth. 
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OBSERVATIONS ON TASSELS OF TEOSINTE MALFORMED 
BY SCLEROSPORA 1 

By William H. Weston, jr., Professor of Botany, Harvard University, formerly 
Pathologist, Office of Cereal Crops and Diseases, and J. H. Craigie, Plant Pa- 
thologist, Dominion Rust Research Laboratory, Winnipeg, Manitoba, Canada , 
formerly Agent, Office of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture . 2 

INTRODUCTION 

One of the most striking and commonly reported effects on cereals 
and other gramineous hosts resulting from attack by Sclerospora is 
the malformation of the inflorescence. This feature usually has been 
emphasized as conspicuous by many investigators during the last 50 
years, who described these diseases on an extensive list of hosts, both 
cultivated and wild, comprising representatives in all but one or two 
of the less important tribes of the Gramineae. Of the tribe Maydeae 
(Tripsaceae), maize ( Zea mays) has been found in Java, India, For- 
mosa, and the Philippines to be seriously attacked by five separate 
species of conidial Sclerospora (6, 35, 38, 45, 46, 54, 56 ), 3 at times with 
some concomitant malfonnati6n of the inflorescence. Yet in the 
case of teosinte (Euchlaena spp.), although it is perhaps the closest 
relative of maize and (as might be expected therefore) also is suscep- 
tible to these downy mildews, no instances of deformation have been 
reported hitherto. In the Philippines, however, while studying the 
Sclerosporas chiefly destructive to maize but also attacking teosinte, 
the senior writer, during two years of investigation and among many 
teosinte plants relatively unaltered by such attack, did encounter 
certain cases of abnormalities developing as a result of inoculation 
with Sclerospora philip pinen sis. It is with the hope that their 
rarity, their remarkable structure, and their possible significance 
may render them of interest that these cases are described in the 
present paper. 

HISTORY OF THE CASES 

The first planting of teosinte at the College of Agriculture of the 
Philippines was a small experimental plot started in July, 1917, with 
seed of Euchlaena luxurious Schrad. obtained from a New York 
seedsman. With seed from this a second planting was grown from 
June to November, 1918. In this second plot, and among the volun- 
teer plants which sprang up around the maize then planted in the 
first, many instances of infection by Sclerospora philippinensis were 
noticed, but only a few were at all deformed and these but slightly 
(54, p . 104). With healthy seed from this plot seedlings were grown 
in pots protected in the laboratory. Beginning January 25, 1919, 
when they were 9 days old, with two leaves and about 3 inches high, 
the seedlings were placed for seven successive nights under young 


1 Received for publication Nov. 20, 1928; issued December, 1929. 

a To G. N. Collins for his kindness in critically reading this manuscript the writers wish to acknowledge 
their indebtedness; also, to the Milton Research Fund of Harvard University the senior writer wishes to 
acknowledge his gratitude for aid which, by lessening some of the demands of class work, has expedited 
the long-delayed preparation of parts of this paper. 

8 Reference is made by number (italic) to “Literature cited,” p. 833. 
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maize plants infected with S. philippinensis and showing abundant 
nocturnal production of conidi a. To prevent extraneous infection 
the seedlings were covered each night with large cans. After being 
thus subjected to certain infection, they were allowed to develop in 
the laboratory until, on February 6, several of them (now 5 inches 
high and with the third leaf developing) showed the first paling leaf 
areas that precede production of conidia (57). Sixty of these seed- 
lings were then planted in a corner of an isolated abaca and tobacco 
patch far from any other cases of downy mildew, and the progress 
of the disease on individual plants and in the plot as a whole was 
followed. 

By the end of March many plants had died, under these crowded 
conditions, leaving only nine living, of which three were still healthy 
and remained so. In late April and early May, 1919, when conidio- 
phore production on the six diseased plants had ceased save on young 
leaves of shoots recently put out, the male inflorescences (tassels) 
both on the main axes and on side shoots were found to be developing 
into abnormal, malformed structures, in contrast to the normal ones 
of the three still healthy survivors. These tassels, instead of pro- 
ducing pollen and becoming passe, remained green, the deformed 
glumes and lemmas of the hypertrophied spikelets continuing to 
grow excessively into contorted, elongate, bractlike structures which 
gave them a most bizarre appearance. A representative specimen 
was photographed (fig. 1) and preserved in copper acetate solution 
for future study; the others were kept under further observation. 

During June a few additional tassels, also malformed, continued to 
develop from the later suckers of the diseased plants. This isolated 
plot was not visited during July, as in the latter part of that month 
there began a series of successive and severe typhoons that raged as one 
intermittent storm for six weeks. When visited on August 6 the plants 
were found to have been blown over and beaten down into the mud by 
the violence of the storms. The plants themselves had responded 
indomitably to this severe treatment by taking root and sending up 
new shoots at each node, but of the remarkable malformed tassels only 
a few survived, the several others, already old, having been beaten and 
soaked to pieces. These few survivors were collected, and from two of 
them were taken the peculiar rooting plantlets which, as herein 
described, were planted in the endeavor to foster their independent 
growth. As these malformed tassels seemed to present features of 
unusual interest, all possibly pertinent information concerning them 
was recorded, various illustrative photographs were taken, and the 
specimens themselves were preserved in formalin and in alcohol for 
more thorough examination later. 

BEHAVIOR OF THE MALFORMED TASSELS 

When the few plants whose malformed tassels had survived the 
severe storms were collected on August 6 it was with the intention of 
making a complete record of each one by means of photographs and 
notes, and this was carried out in part. The storms, however, became 
so violent that they prevented tne completion of the work, and two 
remaining plants were left in the shelter of a tree on the lawn. These 
showed remarkable behavior, for when they were examined on August 
J|§, during a lull in the s,torm, the upper portions with only slightly 
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deformed spikelets were found to have rotted apart and disintegrated, 
while the strikingly malformed spikelets of the more basal portion of 
the tassels had remained green and sound. Indeed, several of the 



Figure 1 . — Malformed tassel of teosinte: A, Upjier portion of a plant of teosinte infected by 
Sclerospora philippinensis , showing the malformed tassel in position. This plant was one of a 
lot sprouted from seed planted in pots on January 17, 1919, inoculated as young seedlings with 
con id ia of S. philippinensis from maize during the nights of January 25 to 31, planted on Feb- 
ruary 6 in an isolated plot, where, supporting the disease with little apparent effect beyond 
the striping of conidiophoro-bearing areas of the leaves, the excessive production of tillers, and 
the suppression of the female inflorescence, the plants in late April dovelo|>ed the tassels. In 
June, when this specimen w r as photographed, the infected tassels were still flourishing vigorously, 
in marked contrast to the already imssf* tassels of comparable healthy plants. 11, The same 
tassel more highly magnified to snow its structure in greater detail. It consists of two 
long, approximately equal branches bearing spikelets, all of which arc* fsterile, but most of 
them superficially relatively unchanged, although a few, as the one s pikelet at the base of the 
right-hand branch and the six spikelets in the lower half of the left-hand branch, show malfor- 
mation into striking, contorted outgrowths involving especially hypertrophy of the glumes 
and lemmas. The illustration is from two smaller photographs pasted together. About three- 
quarters nat ural size 


more elaborately hypertrophied spikelets-, resembling deformed seed- 
ling plantlets, had actually sent out roots from their bases (fig. 2, A, B, 
C, D) as though they were capable of independent existence; whereas 
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some, as shown In Figure 2, A, a, c, and d , had practically separated 
from the prostrate tassel and had changed their orientation with rela- 
tion to it until they had almost assumed the upright position which 
would be natural to young seedling plants of their size. Several of 
these, including those illustrated in Figure 2, B and D, were planted in 
a pot. Although they remained vigorous and continued to grow for 
more than a week longer, they were unable (probably in part because 
in the continuing storms they had almost no sunlight and were con- 
stantly far too wet and exposed) to establish themselves as independ- 
ent plants and ultimately became water-soaked and rotten. 

The development of the branchlets of these deformed tassels into 
entities comprising leafy shoots, giving rise at their bases to roots, 
orienting themselves like young plants, and for a time continuing to 
grow when quite separated from the tassel of which they had been a 
part, seems to justify regarding these as cases of apogamy. This 
holds, of course, only if the term is used in its general application, 
that is, to instances in which new plants develop nonsexually from 
parts that normally produce sexual organs, and not if the term is used 
m its more restricted cytological application. The behavior of these 
specimens, therefore, is of some interest, for in the Gramineae cases 
of apogamy in general are rare, whereas cases resulting from the 
attack of parasitic fungi have not been reported, as far as the writers 
are aware. As might perhaps be expected from the close relationship 
of the two genera, the examples of apogamy in maize (healthy, not 
parasitized) described by Collins ( 9 ) .show striking resemblance in 
structure to those of teosinte now under consideration, although it 
should be noted that the plantlets which developed in the maize 
tassels terminated in small female inflorescences, whereas those of 
teosinte, if not completely sterile, showed only male rudiments. 
Moreover, the plantlets from the maize tassels when transplanted 
by Collins, even though they did not reach maturity, grew in an 
apparently normal way for nearly two months, producing roots more 
than a foot in length, thus far exceeding the amount or extent of the 
continued growth of the teosinte plantlets. The growth of these 
teosinte plantlets, however, even though scanty, was enough to show 
certain interesting aspects, for their development apparently resulted 
from attack by the Sclerospora, or at least followed it, and if they 
had lived they would have transmitted a novel type of primary 
infection to the plants into which they matured, since as long as the 
plantlets persisted they harbored within their tissue mycelium that 
remained living and apparently quite capable of renewed growth. 

GENERAL STRUCTURE OF THE TASSELS 

The appearance of the tassels as a whole was more or less striking, 
depending on the degree of malformation, but in all cases it was 
enough to arrest attention. In contrast to the normal graceful 
tassel with its several slender digitately diverging branches set with 
regular rows of small, smoothly fusiform, tapered spikelets of appressed 
florets, the inflorescences were frequently telescoped with reduced 
branching to bunchy, tufted heads, or rendered unsymmetrical and 
bizarre in contour by flaring, uncouth, sprawling outgrowths. 

In the bunchy type, representing one extreme of the forms encoun- 
tered, the branching was suppressed, the whole inflorescence being 
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Figure 2.— Malformation and root development of parts of teosinte tassel: A, The basal 
portion of a male inflorescence of teosinte taken from a plant of the same lot and with the 
same history as the one illustrated in Figure 1. This plant, however, after surviving a 
long period of incessant storms until August tf, was pulled up and then left lying during 
an especially violent typhoon until August 13, when, alt hough the top of the tassel had 
rotted apart and tho less malformed spikelets of that portion had begun to disinte- 
grate, the more elaborately malformed spikelets at the base of the inflorescence had 
continued growing and had sprouted roots at their bases. Scale in inches. B, The 
base of the same tassel with some of the seedlingliko branchlets removed and the 
remaining parts separated to show the general structure. The branchlet c, previously 
obscured by the lower clump of spikelets b now pinned down away from it, shows a 
general resemblance to a seedling plant with its base, almost separated from the tassel 
axis, having one short but obvious root growing down from it. The broken end of tho 
main axis, from which the top of the tassel disarticulated, is shown at x. About two- 
thirds natural size. O, Two of the deformed parts, a and d, removed from the tassel 
shown in A. The slender one, a, is recognizable as a single spikelet with glumes and 
lemmas so overgrown into elongate leaflike structures (6 and 8 inches long) that the 
whole entity with its few vshort, poorly developed roots at the base resembles a sickly 
seedling plant of teosinte. The shorter one, d, is a compact clump comprising at least two 
spikelets, much malformed, rooting at the base. Scale in inches. D, The malformed 
branchlet, d, already shown in C after removal from its place ( d ) in the tassel of A, 
spread apart and photographed somewhat larger to show the general structural features 
of the several parts and the growth of the roots at their base. About two-thirds natural 
size 
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shortened and condensed into a single compact, clumped, bunchy 
head, superficially resembling the inflorescence of Setaria or Penn- 
isetum, as is shown in Figure 2, A. Even the more open branching 
type, less completely deformed, less departing from the normal, and 
representing the other extreme encountered, showed more or less 
numerous striking, elaborate, twisted, curved outgrowths that, as 
shown in Figure 1, at once marked them as abnormal. In their gross 
structure these male inflorescences presented a striking contrast to 
those healthy ones illustrated and described by Collins (14> 16), by 
Weatherwax (53), and by others. While more detailed morphology 
and histology of these malformations will be considered later, it is 
worthy of note that in general the spikelets of the tassel, especially the 
more basal ones (fig. 1), were strikingly hypertrophied, the lemmas 
particularly enlarging astonishingly into expanded leaflike structures 
(fig. 2), and the whole spikelet elaborated until in some cases it much 
resembled a somewhat deformed seedling plantlet (fig. 2, B, C, D) 
sprouting from the joints of the tassel branches. Moreover, the sta- 
mens were lacking entirely or else abortively developed, so that all 
the spikelets of the tassels were sterile. This was true not only in the 
badly deformed, more basal spikelets, as might be expected, but also 
in those usually nearer the tip, which appeared superficially unaltered. 

In view of the elaborate development of these deformed spikelets, 
it is remarkable that all the cases showed no malformation except 
in the tassels. The plants themselves were not seriously injured 
and, like most of the Sclerospora-infected teosinte individuals already 
studied, described, and illustrated by the senior writer (57, pi. 6; 
54, pi. 22c), had shown during the period of conidiophore production 
relatively inconspicuous striping and stiffening of the leaves, had 
continued growing unimpeded, and at maturity, when production 
had ceased, were only faintly mottled, although the mycelium was 
still present in the leaf tissue. Moreover, these plants without 
exception did not develop any female inflorescence, thus lacking 
opportunity for the malformations that frequently occur in those 
structures in downy-mildewed maize plants. 

DETAILED STRUCTURE OF THE TASSELS 

The representative specimens which had been preserved in the 
Philippines eventually were brought to Harvard University, where 
a detailed study of the floral structure and the histology of the tassels 
was made by the junior writer. The floral parts of these malformed 
specimens were carefully unrolled, dissected, drawn under the camera 
lucida, and compared with one another and with healthy material. 
Also, critical structures and parts were embedded in paraffin, cut 
in several directions in sections of various thicknesses, and stained 
with various combinations, such as Flemming’s triple, Pianese 3, 
or haematoxylin and Orange G. 

As the general symptoms of this disease in teosinte plants have 
been described in earlier papers by the senior writer (54, 57), attention 
was directed to the staminate inflorescence in which the malformations 
occurred. 

The normal, healthy, staminate inflorescence of teosinte resembles 
that of Indian corn except that in the former the central spike is 
suppressed. The spikelets are 2-flowered and arise in pairs at each 
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joint of the rachis and on one side of it. One spikelet of each pair 
is subsessile, the other one is pediceled. These features are well 
known from the descriptions and illustrations of Collins (13, 16), 
Weatherwax (53), and others. 

In the tassels of the diseased plants various gradations of trans- 
formation existed. As a rule, the sessile spikelets were more exces- 
sively malformed than were the pediceled ones, and those at the 
base of the spike more than those toward the tip. In some of the 
diseased plants the general appearance of the spikes w r as not greatly 
altered, but in other cases only a few joints of the rachis developed, 
and the spikelets here were generally contorted and excessively 
hypertrophied, so that they presented a “bunchy” appearance in 
which practically all semblance of a spike was lost. Each joint of 
the rachis, however, almost invariably bore its two spikelets. Some- 
times both of these were pedicellate. 

One case different from any of the others was observed. Two 
spikelets w r ere raised on a short pedicel and inclosed by three glumes. 
(Pig. 3, II.) One of these glumes was somewhat larger than either 
of the other two, but there were no indications that it resulted from 
a fusion of two. That these spikeletn w T ere indeed spikelets and not 
florets is shown by the fact that each one possessed two florets whose 
composition and arrangement were identical with those of other 
diseased spikelets. 

Gabotto (10) relates that in a study of maize infected with Sclero- 
spora macrospora he counted 60 virescent staminate inflorescences of 
abnormal development and states that, since the plants did not pro- 
duce ears, the parasite seemed to stimulate excessive growth of some 
parts at the expense of others. A somewhat similar effect w r as evident 
in this material. In those branches which retained their spikelike 
formation the excessive overgrowth of the spikelets on the lower por- 
tion of the rachis seemed to take place at the expense of spikelets 
higher up. Indeed, from the base to the tip of the rachis there w as 
manifest a tendency toward the progressive reduction, and finally the 
suppression, of the several parts of the florets. The second floret of 
each spikelet was invariably smaller than the first floret and first suf- 
fered the loss of one or more of its floral elements. .At a distance up 
the rachis of approximately one-third the entire length it lost its palea. 
Slightly higher a similar loss was sustained by the sessile floret. The 
lemmas of each of the florets were still present at that height, but about 
halfway up the rachis the lemma of the second floret usually disap- 
peared, and somewhat farther up the first floret lost its lemma, so that 
in the topmost spikelets, more often than not, only the two glumes w ere 
present. (Fig. 3, F.) Occasionally the first glumes alone remained. 
As the spikes of diseased tassels differed much in length and were ahvays 
shorter than those of healthy tassels, it can readily be understood that 
in extreme cases the upper portion of the spikes would fail to develop 
at all and the bunchy type of tassel already mentioned would result. 
In the more detailed account of the floral structure which follows, the 
features referred to will apply particularly to excessively hypertro- 
phied spikelets, the applicability of the description diminishing pro- 
portionately as the spikelets approached normal development. 

The glumes shared in the general overdevelopment of the spikelet, 
but rarely lost their glumelike character. Their increase in width and 
thickness was proportionate to their increased length, which in many 
82107—29 2 




Figure 3. — Structure of malformed spikelets froth tassels of infected teosinte: A, B, E., Stami* 
nate spikelets of teosinte hypertrophied and malformed by an attack of ScUrospora philip- 
pinensis. The tightly enwrapped floral elements were opened and spread apart to show the 
position and relative size of each. In A the lemma of the second floret had to be twisted 
from its original position in order to expose the palea. The portion above the knotlike forma- 
tion was not enveloped by the other lemma. X IM- C, Spikelet of healthy tassel, showing 
stamens in first floret, and affording an interesting comparison in size, proportions, and con- 
struction to those of the diseased. X l}i. l>, Spikelet of diseased tassel showing hornlike 
form characteristic of many diseased spikelets. X 1 H* F, Spikelet from tip of a diseased 
tassel, floral parts reduced to two. X Hi. Q, a, Three spikelets which arose at one joint of 
a rachis; 6, central spikelet opened, consisting of three floral parts; c, prolifleation of florets 
found within the glumes of the left spikelet of a. X 1H. H, Two spikelets, a and b, growing 
on a common short pedicel and inclosed by three glumes. X 2. I, Pollen grains and anthers 
from diseased florets. The grains are shrunken and collapsed, with variously wrinkled and 
infolded walls and with content almost devo'd of protoplasm, so that the germ pores appear 
very distinct. The anthers from the diseased florets are small and poorly filled out. Pollen 
grains, X 78; anthers, X J, Healthy pollen grains and anthers, drawn to the same 
scales of magnification as I, in order that they may be compared with the pollen grains 
and anthers of the infected plants 


and as a consequence of this and the greater thickness the glumes were 
quite rigid, The hispidness characteristic of the glumes was much 
more pronounced in these than in the healthy ones, 
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The lemmas, on the other hand, underwent astonishing transforma- 
tions and usually assumed a very extraordinary arrangement. Al- 
though in healthv florets the lemmas are membranaceous and hyaline, 
with any trace of hispidness visible only microscopically, several of the 
diseased ones were leaflike and virescent, while most of the others 
were distinctly hispid and rigid, resembling very much in texture the 
diseased glumes. These observations apply more particularly to the 
lemma of the first floret of each spikelet, for in most cases the arrange- 
ment of the floral parts seemed to forbid such extravagant develop- 
ment in the other parts as was permitted in this one. In practically 
every diseased spikelet examined, the lemma of the first floret tightly 
enwrapped its palea (and stamens when present) and the second floret 
either wholly or in part. In doing this it usually assumed a somewhat 
spiral course, so that when it completley enveloped the other floral 
elements it presented the appearance of a horn. (Fig. 3, D.) Oc- 
casionally this formation was quite regular, but more frequently it 
showed various degrees of torsion and wrinkling. (Fig. 1, B; fig. 3, 
E.) When the second floret was not completely encircled, the upper 
portion being sometimes uncovered, the exposed portion was very 
similar in appearance to the enwrapping lemma. (Fig. 3, A.) 

In a few cases there were modifications of this general arrangement. 
The most interesting one of these was the differentiation in several 
cases of extremely enlarged lemmas into sheath and blade, as in a leaf. 
(Fig. 2, B.) The lower portion was tightly enrolled after the manner 
of a sheath, but the upper portion flattened out into a well-formed 
blade. (Fig. 2, A, B.) Just at the top of the sheath a ligule was 
almost invariably present . It never developed completely around, but 
extended inward from either edge for about one-third the width. 
The central portion of the ligule failed to develop. In the cases just 
mentioned the upper portion of the lemma of the second florets was 
left exposed, and two or three of them expanded into virescent blades, 
but no ligule formation was observed. 

Tourney ( 50 ), in describing abnoi malities in the inflorescence of 
Phleum pratense, mentions that some of the flowering glumes were 
changed into leaves. Butler ( 5 ) did not observe any transformation of 
this kind in Pennisetum typhoideum attacked by Sclerospora gramini- 
cola, although other abnormalities were produced. He states, how- 
ever, that the lemmas were usually elongated, occasionally virescent. 
and softer than healthy ones. 

Although each joint of the rachis regularly bore two spikelets, 
a case was observed in which three spikelets arose from the same 
joint (fig. 3, G, a), one of which was subsessile, the other two pedi- 
cellate. Of these last two, one was situated centrally and possessed 
but one floret (b), the other resembled in external characters the ordi- 
nary diseased spikelets, but when its glumes were removed it dis- 
closed a very unique construction. The rachilla, which in other 
spikelets bore two florets, was elongated considerably and bore seven 
spikelets. (Fig. 3, G, c.) These were not arranged in quite the 
orderly manner that was evident in the ordinary spike. The first 
spikelet on this elongated rachilla was sessile, the next one above it 
pediceled. The fourth was raised on a comparatively long pedicel 
in the axis of the third, which was sessile. The three uppermost 
arose separately and were greatly reduced, two of them being repre- 
sented by only a single glume each, the third one by two very 
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diminutive glumelike structures. In this particular case the rachilla 
had evidently assumed the function of a rachis and bore spikelets 
instead of florets. The term “spikelet” is applied to these structures 
for the reason that the glumelike character of the outer element of 
each was very evident, and one spikelet consisted of three bracts, 
whereas, if it were a floret, it would have had but two — the lemma 
and the palea. 

This aberrancy would seem to fall in teratological classification 
under “ median prolification.” Moquin-Tandon (37) speaks of 
prolification as “median” when an adventitious bud springs from 
the center of the flower as a direct continuation of the growing point. 
In describing prolification in flowers, Masters (32) states that in 
median prolification the adventitious bud springs from the center of 
the flower; the usual arrest of growth which occurs at this spot no 
longer holds good, but a new growth takes place, manifesting itself 
generally in the formation of a new flower bud, a new leaf bud, a 
branch, or even in the production of an inflorescence. Tourney (50) 
described a case in which some timothy spikelets had four glumes, some 
only two, and between the inner ones a long stipe, generally more or 
less twisted, arose and was surmounted by a perfect flower. This 
irregularity in structure Penzig ( 44 ) termed “central prolification.” 

The dissimilarities of the internal structure of healthy and diseased 
lemmas were not less marked than those of their outward form. 
Healthy lemmas, for the most part, were of a uniform thickness, 
mainly one cell thick, and therefore contained no mesophyll or 
well-defined vascular bundles. Diseased ones, on the other hand, 
were of uneven thickness, having well-developed mesophyll and 
fairly regularly spaced vascular bundles (fig. 4, F, 11), some of which 
were quite perfect, with vessels, phloem, and sheath, while others 
perhaps, consisted of only two or three vessels, or presented grada- 
tions between these two extremes. 

As the morphology of those portions which flattened out to form 
blades was considerably different from that of the rest, it will be 
mentioned first. A comparison of the two cross sections F and G 
of Figure 4 shows how closely the former approximated the regular 
leaf formation of the latter. In both cases the upper and lower 
external walls of the epidermis were of about the same thickness, 
although in the leaf, G, these were slightly thicker than in the blade- 
like lemma, F. Also, the leaf itself was somewhat thicker. The 
vascular bundles in the bladelike lejnma were regularly spaced and 
were as complete as many of those in the leaf, yet at intervals the 
leaf possessed bundles which, above and below, were abutted by a 
group of thick-walled sclerenchymatous cells which extended to the 
epidermis. These were absent in the bladelike lemmas, but in general 
their structure corresponded very closely to that of the leaf. 

The inrolled lemmas, on the other hand, differed quite materially 
from the flattened portions or from a leaf. As seen in cross section, 
their margins were thin, but a progressive thickening took place 
toward the middle, so that in this region there was a spongy meso- 
phyll, as in the leaf' (Fig. 4, D.) There were present also more or 
less regularly spaced vascular bundles. Toward the edges, and 
therefore in the thinner portion, these were always incomplete, 
being composed ^usually of a fewi vessels. In the thicker portions 
some were quite complete (fig. 4, H) and others were imperfect like 
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Fie, miE 4 . — Details of internal structure of malformed spikelets: A, Thick -walled strand 
of mycelium without cytoplasmic content, showing swellings and prominences which 
press aga«nst the cell walls. X 200. II, Thick-walled strand of mycelium with con- 
tent. The host cells have been wedged apart by the mycelium. X 200. (\ Portion 

of thin-walle l hyphal strand with cytoplasmic content. X 200. I), Schematic repre- 
sentation of a cross section of a deformed spikelet, cut 3 mm. above t he base, to show 
the inrolle i nature of the lemmas. In this spikelet an additional abnormality appears 
in the form of an extra floral bract- just inside the glumes. The vascular bundles and 
sclerenchymatous tissue are crosshatehed . X about 14. K, Schematic representation 
of a cross section of a healthy spikelet. X about 14. F, Portion of a cross section 
of a vi rescent lemma, showing its similarity in internal structure to the normal leaf. 

X 200. G, Portion of a cross section of a healthy leaf. X 200. H, Gross section of a 
portion of strongly inrolled lemma at its thickest part, showing the external thick- 
walled epidermis, the sclerenchymatous reinforcement cells which connect with the 
bundle, and the thin-walled inner epidermis w ith its adjoining small group of thick- 
walled cells. X 200 

occurred sparsely. Abxitting on the epidermal cells and just ovei 
the bundles were one or more layers of thick-walled cells. Where 
the bundles were large and more complete, these cells bridged the 
space between the epidermis and the bundle sheath (fig. 4, H), but 
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where the bundles were more or less imperfect, thin-walled cells 
usually intervened between these thick-walled cells and the bundle. 
On the opposite side of these bundles and lying adjacent to the inner 
epidermis there were usually a few thick-walled cells, but these never 
connected with the bundles. (Fig. 4, H.) The walls of the inner 
epidermis were thin, like those of the mesophyll cells, and few stomata 
or hairs were evident on this side. This condition — a firm outer 
epidermal layer, reinforced by clusters of thick-walled cells and 
opposed on the inside by only a thin-walled epidermis — seems to 
account satisfactorily for the inrolling that took place in so many of 
the diseased lemmas. 

As already stated, the lemma of the second floret of the spikelet 
was either partly or wholly enveloped by that of the first floret, and 
as an apparent consequence (although it duplicated in a general way 
the features already indicated of the enwrapping lemma) these 
features were not so pronounced. The thick-walled outer epidermis, 
the strengthening clusters of fibers, and the vascular bundles were 
present, but less conspicuously developed. However, in those cases 
where its upper portion became uncovered and thus exposed to sun- 
light, it took on the characters of the enwrapping lemma, which 
seemed to indicate that if this lemma had had an exposure to sun and 
air it would have been identical with the one that inclosed it. The 
leaflike appearance of two or three of these has been mentioned. 

The palea of the first floret participated somewhat in the general 
hyperplastic condition and became frequently three times its normal 
size, but in no case did it approach the extravagant dimensions of the 
corresponding lemma. In the second floret, the palea, surrounded 
as it was by two lemmas, was apparently stifled and only rarely 
attained the size of the other palea. As anile, it was poorly developed, 
often only a vestige being present, and it was more frequently absent 
than any of the other floral bracts. 

The stamens, more often than not, were suppressed. If present, 
the anthers appeared atrophied and were rarely more than two- 
thirds their normal size. The pollen grains varied greatly in size 
and shape, some being even larger than the normal healthy grains, 
while others, again, were reduced to half that size. (Fig. 3, I, J.) 
All of the pollen grains in a diseased plant were practically devoid of 
content, so that the walls became wrinkled and infolded, and the 
appearance of the gram was irregular and bizarre. (Fig. 3, I.) 
None of the modifications that Butler (5) described for the stamens 
of Pennisetum typhoideum attacked by Sclerospora graminicola 
(Sacc.) Schroet. was observed. 

As the characteristics of the mycelium of this fungus have been 
described by the senior writer in a previous publication ( 64), it is 
unnecessary to repeat them here. It might be added, however, that 
the hyphal filaments that seem to serve for communication between 
different parts of the ho3t were frequently, though not always, very 
thick walled, a condition resembling that observed by Butler ( 5 ) in 
Sclerospora graminicola on Pennisetum. Usually these filaments 
were devoid of cytoplasmic content. A portion of a thick- walled 
hyphal filament without content (A) and a portion of one with 
content (B) are shown in Figure 4, as well as a thin-walled portion of 
a filament (C). 
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DISCUSSION 

These cases of malformation involve several points of interest. 
Not only are they remarkable because of their rarity in the Gramineae 
in general and in teosinte in particular, but also because of their 
elaborate structural overdevelopment in contrast to their complete 
sterility, their growth as independent plantlets, and their resulting 
abortive apogamy. Moreover, they present an interesting comparison 
to cases of malformations in other grasses and contribute to possible 
interpretations of such structures and their significance. 

In the first place, these malformations are of interest because in 
teosinte the occurrence of structural abnormalities of any kind, whether 
resulting from injury by downy mildew or from any other factor, is 
exceedingly unusual. Although numerous plantings of teosinte from 
several lots of seed obtained through the kindness of G. N. Collins 
and others from Mexico, Florida, and other localities were kept under 
observation for two years in the Philippines, the senior writer found 
exceedingly few and slight abnormalities either in healthy or in downy- 
mildewed plants with the exception of the present cases. Moreover, 
Collins, who has studied extensile plantings for many years, summed 
up his long experience in a lecture nf 1918 (12) with the statement: 

Compared with maize, teosinte is absolutely constant. This is true whether 
looked at from the standpoint of fluctuating variations of a quantitative nature 
or the frequency of occurrence of abnormalities. We have had teosinte under 
observation every season for 10 years, and during that time, with the exception 
of some apogamous plants one season at San Diego,, not a single pronounced 
abnormality has appeared. 

Nine plants survived the crowded conditions in the senior writer’s 
test plot in the Philippines. That the six infected ones of these all 
developed decidedly malformed tassels is therefore the more striking. 
It should be noted in this connection that from seed of representative 
plants in the parent plot Collins made certain that this teosinte was 
pure and free from contaminating hybridization with maize. 

In the second place, these malformations are of interest in themselves 
because they show such remarkable modifications in structure. The 
elaborate overdevelopment of such floral parts as the glumes and 
lemmas; their hypertrophy to many times the normal extent and 
bulk; the formation of additional fibrovascular bundles within them; 
the marked alteration in size, position, arrangement, and relation of 
the florets and their parts; the local unevenness of growth with con- 
sequent crumpling and curling of mature organs; and the binding 
and restraint of rapidly expanding inner portions of the inflorescence 
by the adherent unexpanding outer parts enfolding them, with 
consequent contortion, buckling, and tearing — all these features 
mark these malformed inflorescences as noteworthy cases of abnormal 
growth. As such they may be of interest in the field of teratology, 
a branch of botany little emphasized at present, but one in which 
in the past Penzig (44) , Masters (83), Moquin-Tandon (37), and others 
not only devised extensive classifications and terminologies, but also 
made comparative studies of the structural modifications in different 
groups of plants and worked out convergences and homologies that 
are still of some general significance. The extensive deformation 
of these teosinte tassels is of added interest because it seemingly 
was consequent to the irritation of the downy-mildew mycelium 
growing immediately within their tissues, an action which apparently 
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in most cases was direct, as in very few instances did the apparent 
absence of hyphae within the deformed floral parts permit considera- 
tion of possible action at a distance. 

In the third place, these malformed inflorescences are of interest 
because they were completely sterile. This was true not only in 
cases where the spikelets entirely lacked sexual organs and were 
profoundly modified, but also in cases where the florets in general 
appearance were almost normal and developed stamens, for the pollen 
was invariably abortive and nonfunctional. Moreover, they were 
sterile with respect to both sexes, for in no case did female branches 
develop. This sterility, however, was accompanied by unusual 
vegetative rejuvenescence. Uncommonly numerous shoots were 
developed continuously from the bases of the plants, and when during 
the jHavy storms the plants were beaten down into the mud, they 
sent up many new sprouts from their nodes. The continued pro- 
liferation was so pronounced that during the six months they were 
under observation the plants, although of the annual species of teo- 
sinte, in general resembled the perennial type that occurs in Mexico 
and has been studied and described by Collins ( 14 ). That these 
plants should be sterile florally and yet have such unusually prolific 
vegetative growth gave rise to the rather anomalous situation that 
if the plants had been grown for seed or to furnish pollen for hybridiza- 
tion the effect of the downy mildew would have been regarded justly 
as very injurious, quite as it is in the case of other grain-bearing crops 
such as maize or wheat; whereas, if the plants had been wanted for 
their vegetative growth for fodder or stover, the effect of the mildew 
on the whole was beneficial, rendering them even more valuable than 
the less prolific healthy individuals. 

It is of interest also that coincident with the sterility of these plants 
there took place an abortive apogamous reproduction through the 
temporarily independent growth of the seedlinglike spikelets, for 
although examples of this viviparous method of propagation have 
been observed in the Gramineae they apparently are rare in the tribe 
Maydeae. The cases of apogamy m maize reported by Collins (9) 
are the only ones in the tribe described hitherto, and the cases in teo- 
sinte (unfortunately not described but merely mentioned in the same 
paper) are the only ones ever even recorded in that genus, as far as tho 
writers have been able to ascertain. 

In the fourth place, malformations such as these in teosinte may 
perhaps have some structural or phylogenetic significance as traumatic 
reversions to ancestral conditions. The consistently leaflike structure 
of the abnormal growths which develop from diverse injurious agents 
in the several Gramineae considered probably may be interpreted 
as evidence for the theory that the leaf is the ultimate progenitor from 
which all floral organs have been evolved. 

Is it possible to go still farther? In a comparable case — an inten- 
sive study of the malformations of maize following attack by corn 
smut ( Ustilago maydis )— litis {22) has found structural evidence 
which he considers to indicate beyond doubt that Zea has been 
derived indirectly from the Andropogoneae. This might arouse 
expectations that these malformations of teosinte may offer some 
structural evidence of significance in the phylogenetic question of the 
ancestry of teosinte and even of the ancestry of maize, with which 
teosinte is more or less involved in the hypotheses advanced by Collins 
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(10, 12 , 15), Montgomery (36), Weatlierwax (53), and others. Yet 
toward a solution of the disputed question whether maize originated 
by slow evolution or as a mutation or sport from teosinte or some 
ancestral plant like it; or whether it arose as the result of hybridiza- 
tion between teosinte and some other grass; or whether pod corn, 
erroneously believed to grow wild in Paraguay, is the ancestor of 
cultivated maize quite separate from teosinte, these abnormal inflo- 
rescenses of teosinte seem to furnish no clear evidence. 

To be sure, these malformed teosinte spikelets somewhat resemble 
those of pod corn (Zea tunicata) in the overgrowth of their glumes, a 
character well developed in this type of Zea, not only in the ear but 
also at times in the tassel. (Collins 11, pi. 13, B). This resemblance, 
even though some consider pod corn as the type most primitive or 
most like ancestral maize, can hardly be of any special significance, 
however, for similar overgrowths of floral parts occur in such genera 
as Pennisetum and in other tribes too remote to furnish any evidence 
of ancestral characters or relationships in the Maydeae. Likewise, 
there seems to be no significance in the resemblance between the 
adherence and binding of the leafy parts in certain deformed teosinte 
spikelets (fig. 2, C, D) and tha t-traced by Kempton (27, fig. 16) as an 
inherited feature in “adherent” plants of certain strains of maize, 
arid between the lobing and consequent entanglement of parts in the 
deformed teosinte tassels and that which Kempton (26) has found in 
leaves, husks, and tassel glumes, not only in maize but also in teosinte 
and related grasses. 

Moreover, Collins (14) has suggested that the perennial type of 
teosinte is the more primitive from which the annual has been derived 
(possibly by crossing with its annual relative, maize). The unusually 
abundant and prolonged production of new shoots by the infected 
teosinte plants might be interpreted as a reversion to an ancestral 
condition. More probably, however, it is merely an example of the 
prolongation of vegetative growth which often follows tolerated para- 
sitism of Sclerospora in other hosts (57, pi. 5 ). 4 

In the fifth place, these malformations in teosinte present inter- 
esting comparisons to those recorded in cases of infection by the other 
species of Sclerospora in numerous grasses. In the case of the com- 
mon Sclerospora < jramini cola, for example, malformations of the inflo- 
rescence of an extensive list of grasses, chiefly in the tribe Paniceae, 
have been reported many times from Europe, Africa, China, Japan, 
and India. Also, the widely distributed S. macrospora has been found 
inducing deformities of the floral structures in some 25 hosts (includ- 
ing maize, wheat, rice, and many wild grasses) in 9 of the 1 1 gramin- 
eous tribes in many localities through Europe, Asia, Australia, and 
the United States. In the other species of Sclerospora, moreover, 
although less numerous, striking, and widespread, similar eases have 
been reported, so that in all more than 40 papers might be referred to 
as pertinent. From these facts it seems obvious that these plants of 
teosinte, in showing malformations of the inflorescence as the result 
of attack by downy mildews of the genus Sclerospora, were only 
behaving toward these parasites as many other genera of grasses have 


< Further resemblances of possible phylogenetic significance might be note:!, but realizing that such 
material can be better interpreted by others more familiar will the morphology, development, genetics, 
history, relationship, and agronomy of maize, teosinte, and thei» relatives, the writers will gladly turn over 
the remaining material, including slides, photographs, and notes, to those who will undertake further study. 
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been found to behave in the history of our knowledge of this group. 
On going over these cases and comparing the deformities in the tassels 
of teosinte with those developed in other male inflorescences, such as 
the tassels of maize {17, 19, 23, 25), and those formed in the perfect 
spikes or inflorescences of other grasses, such as Pennisetum {5, 8, 29), 
Setaria {20, 21, 29, 34, 48, 49, 51, 58), Triticum ( 1 , 2, 4, 39, 40, 41, 48, 
47, 52, 55), Oryza {18, 59), Agropyron, Phragmites, etc. {42, 43), it is 
noticeable that there is a general similarity, but that these in teosinte 
are on the whole more extensive in their growth, more elaborate and 
complex, and more profoundly altered in their structure. In their 
behavior, that is, in the partially successful growth of some of the 
more pronouncedly modified spikelets as if they were young inde- 
pendent plants, they are in some ways unique among the cases of 
abnormalities resulting from Sclerospora attack. It seems probable, 
however, that some of the elaborately malformed spikelets in the 
virescent tassels of maize infected with 8. macrospora described in Italy 
by DTppolito and Traverso {25) and others would have made at 
least abortive attempts at independent apogainous growth if they had 
been given opportunity. 

Finally, when the foregoing points have been considered, what 
seems to be the most probable interpretation of such malformations 
as these in teosinte? All deformed inflorescences in the case of wild 
and cultivated Gramineae are not occasioned, of course, solely by the 
growth of Sclerospora in the host tissue. Deformities with general 
resemblance to those just considered have been found, for example, to 
develop as the result of attack by nematodes in wheat (Leukel, SO) 
and rice (Butler, 7); of infestation by insects in wheat and Setaria 
(D’Ippolito, 24); of chemical and mechanical injury in maize (Blar- 
inghem, 3); and even, apparently, of excessive moisture in wheat 
(Lo Priore, 31); probably following the general principle emphasized 
by Knox {28) that most malformations such as phyllodies, multipli- 
cations, fasciations, torsions, or virescences arise from injuries and 
are not heritable. Also, in a few instances malformations of the 
inflorescences very similar to these of traumatic origin have been 
found by Kempton {27), Zapparoli {60), and others to develop in 
maize unassociated with any detectable injury and to persist as 
hereditary characters. 

These points seem to suggest the following: Under normal con- 
ditions the floral parts of teosinte and other grasses have inherent 
possibilities of certain structural development regarded as usual, 
normal, or typical. Also, however, they have inherent potentialities 
for ways of development that are unusual, nontypical, or abnormal, 
but may be induced by the action of various factors that are injurious 
or that disturb the usual course of growth. Obviously, there are 
limits to the inherent capabilities for abnormal development; but 
within these limits they show great range in such structural excesses as 
remarkable leaflike elaboration, extensive overgrowth of floral 
envelopes, and suppression of sexual organs; and these abnormalities, 
agreeing in general, may be called forth in response to various diverse 
disturbing influences. Under ordinary conditions of growth in the 
field, however, such disturbing influences are encountered but seldom; 
consequently, such malformations develop only rarely. Under 
ordinary circumstances, also, cases of malformation attributable to 



Dec. i, 1929 Tassels of Teosinte Malformed by Sclerospora 833 


chemical injury, to harmful environmental conditions, or to noxious 
insects are relatively infrequent. 

Attack by Sclerospora, however, is a disturbing factor encountered 
in such a wide range of valuable and much-studied host crops, in so 
many different parts of the world, and it is so commonly followed by 
malformation of the inflorescence, that such deformation very 
naturally has come to be regarded as one of the distinctive symp- 
tomatic stigmata of these diseases. 

SUMMARY 

This paper considers the case histories, structural peculiarities, 
and possible interest or significance of malformed male inflorescences 
of teosinte ( EucMaena luxurious) infected w 7 ith the downy mildew 
(, Sclerospora philippi nensis) in the Philippines. 

The tassels were strikingly altered in appearance and structure; 
the spikes shorter, the rachis in extreme cases comprising only a few 
joints; the floral elements progressively reduced in size and number 
from base to tip of spikes, the tip spikelet in some represented by a 
single glume; the glumes, and particularly the lemmas, in reduced 
spikelets, excessively hypertrophied? the latter usually characteris- 
tically enwrapping although occasionally expanded above to a green 
blade, leaflike in gross structure and in histology; the paleas less 
hypertrophied, sometimes in the second florets only vestigial; the 
stamens generally wanting, but when present having atrophied 
anthers and abortive pollen. Not only were the tassels profoundly 
malformed, but the female inflorescences were suppressed, so that the 
plants were completely sterile. This sterility was accompanied by 
unusually prolific vegetative growth, the continued and abundant 
production of new shoots showing some resemblance to the growth 
habit of perennial teosinte. 

In tassels left lying on the ground during heavy rains, deformed 
spikelets comprising leafy shoots resembling seedling plantlets 
remained green and vigorous, grew 7 into an upright position, sent out 
roots from their bases, and when transplanted continued to develop 
independently for more than a week. Within their tissues the 
mycelium of the fungus remained living and apparently capable of 
continued growth had the plantlets lived. As such cases of apogamy 
or vivipary are unusual in the gramineous tribe Maydeae and exceed- 
ingly rare in teosinte, these are described and illustrated, and compared 
with those following infection by other species of Sclerospora in other 
grasses. 

The possible bearing of these malformations on the general question 
of the interpretation of floral malformations is outlined and their 
possible significance is considered. 
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PROPAGATION AND FOOD TRANSLOCATION IN THE 
COMMON MILKWEED 1 


By Fisk Gerhardt 2 

Assistant Chemist , Iowa Agricultural Experiment Station 

INTRODUCTION 

The recent interest in the milkweed ( Asclepias syriaca L.) has 
centered around its possible commercial use. It has been investigated 
as a possible source of rubber from its latex, oil from its seeds, fiber 
from its vascular elements, and coma from its fruit. Little attention 
has been given, however, to the movement of food materials within 
the plant, and where it has been studied the major interest has been 
confined to changes which occur within the individual organs, such as 
the root, leaf, stem, or fruit. 

The present investigation was undertaken to gain an understanding 
of certain physiological processes which affect successful propagation, 
together with the formation of various organic constituents and their 
translocation at frequent intervals throughout the vegetative and 
dormant period. 

REVIEW OF LITERATURE 

In the milkweed, vegetative propagation is accomplished by 
adventitious buds appearing along the surface of a deeply penetrating 
root system (; 26 ). 3 In the edible canna, Ripperton and Goff (31) 
contended that vegetative viability depends upon the condition of 
the adventitious bud rather than upon the root stalk proper. 

According to Crocker (6), weed seeds have a high vitality, especially 
the more noxious weeds and those in which the seed coat secures a 
long delay. However, this is contrary to the statement of Duvel 
(10) and others, who failed to emphasize the seed-coat characters in 
their study of the vitality of weed-seed embryos. Imperviousness of 
seed-coat characters to oxygen and to moisture has been stressed in 
the work of Crocker (6, 7), Shull (36), and Harrington (15, 16, 
17), while Pack (25) has shown that proteins decrease in the seed 
coats during afterripening. Merlis (21), Schmidt (33), and Kirk- 
wood (20) have indicated a transformation of oil to sugar in fatty 
seeds. Certain seeds, such as the guayule (20) and hawthorne (6), 
however, fail to germinate under any circumstances until after a long 
period of dormancy. In such instances the embryo is regarded as 
immature, and certain changes prior to germination are required. 

In spite of the wide natural distribution of the common milkweed, 
no record has been found relative to the germination of its seed. In 
the present paper attention is confined to the germinational response 
of milkweed seed under various environmental conditions. 
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Studies upon the elaboration and movement of food materials in 
plants have been approached from several different points of view. 
In the leaf tissue these phenomena have received the attention of 
Brown and Morris (/+), who found sucrose the primary product of 
synthesis and hexoses the primary product of translocation. Sucrose 
predominated in young mangold leaves, while later hexoses increased 
throughout the entire leaf with an accumulation at maturity (8). 
The work of Parkin {29) on the snowdrop and of Colin (5) on the 
sugar beet substantiates the claim that sucrose is the first sugar 
formed. This sugar is then reconverted into hexoses for transloca- 
tion to the root, and there in the presence of an enzyme it is converted 
to starch, inulin, or sucrose, as the case may be. Although starch is 
absent from the leaves of several plants ( 8 , 9 , 22), Schimper (32) 
concluded that hexose formation preceded that of starch and that the 
latter is only formed when glucose reaches a fixed maximum limit, 
which differs for each species. 

Attention also has been given to the change in quantity and 
composition of food material translocated during different stages of 
maturity. Shaw and Wright (85) found total proteins decreased in 
both sunflower and corn throughout the growth period. While 
starch remained constant in the case of the sunflower, it increased 
twentyfold in the corn plant. The largest amount of carbohydrate 
and ash material was found to be present in the timothy plant during 
its early stages of development (13), while nitrogen and ether extract 
increased during maturity. Nitrogenous material was stored chiefly 
in the roots, but no starch was present during the storage process. 
In the wriieat plant (13, 19, 39), nitrogen and carbohydrates 
appear to be the materials which the leaf and stem yield to the 
maturing head. During late fall as the sweetclover enters dormancy, 
nitrogen of the tops decreases and is stored in the roots (37). During 
active growth the largest amount of nitrogen was found in the tops, 
the maximum appearing during the month of June. 

Although the milkweed possesses certain other commercial pos- 
sibilities ( 24 ), interest in this plant has largely centered around its 
value as a source of rubber (11). Fox (12) indicated that the rubber 
content varies somewhat with the amount of available soil moisture, 
while Hall and Long ( 14 ) found that ecological factors affect rubber 
formation. No analyses, however, have been reported concerning 
changes in rubber content with progressive maturity of the plant. 

In the present investigation it was deemed advisable to follow- 
the movement of organic and inorganic materials in the milkweed 
by making separate analyses of the roots, stems, and leaves at stated 
intervals over a period of one year. Movement of food reserves in 
the different organs could thus be correlated with each other as w r ell 
as with progressive maturity of the entire plant. 

EXPERIMENTAL STUDIES 

PROPAGATION BY SEED 

Preliminary observations were conducted upon native plants, but 
it soon became apparent that it would be necessary to propagate 
the milkweed in order to obtain a sufficient supply of experimental 
material. For this work a plot, comprising approximately 100 square 
feet, situated 2 miles south of Ames, Iowa, was selected. 
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During the fall of 1925 a pint of seeds was collected from native 
plants. These were dried in paper bags in the laboratory until the 
following spring, at which time they were scarified. There occurred 
an average germination of 85 per cent. During the week of May 1, 
1926, a pint of scarified seed was used to plant about one-twentieth 
of an acre in rows 3 feet apart. Because of excessive drought ger- 
mination was slow, but by June 15 the young plants had attained a 
height of 5 inches and required thinning. During the first year five 
plants of the entire lot blossomed and produced seed, thus showing 
unmistakably that they were annuals. These were noted and the 
seed from them was collected separately the following year. A 



Figure 1. -Milkweed plants dug at Ames, Iowa, May 4, 1927. Vegetative propagation occurs 
from the previous year’s roots 


killing frost during the first week of October, 1926, resulted in the 
shedding of all leaves and the cessation of further growth and 
development. 

In the spring of 1927 active growth of the plants in the field plot, 
as manifested by their appearance aboveground, began early in 
May. The condition and mode of formation of new plants may be 
seen in Figure 1. A large number of adventitious buds appear on 
the rootstocks of the previous year. In the breaking up of these 
older rootstocks, the distribution of the milkweed may actually be 
increased instead of curtailed. Figure 2 shows the field plot, on July 
14 during the late-blossom stage. Sterility resulted from attempts 
to self-pollinate the five annual strains previously mentioned. Cross- 
fertilization by such agencies as wind and ipsects evidently is the rule, 

82107 — 29 8 


840 Journal of Agricultural Research voi. 39, no. 11 

Seed Germination 

Detailed studies were made on the germination of seed under 
different conditions. Prior to a killing frost, seed was collected from 
native milkweed grown during the summer of 1925. When placed 
in germination chambers the fresh seed showed little response. 
Rapid germination was not attained until after the seed had been 
stored for approximately four months. This fact indicates that 
milkweed seed must pass through a rather protracted period of 
afterripening. 

To determine the practice necessary to obtain maximum germi- 
nation, a study was made of the germination of the seed as influenced 
by chemical treatment, temperature, and storage. In some instances 
the seed used had been stored in the laboratory for 12 months, in 
others for only 2 months. Its response to temperature, seed-coat 
mutilation, and oxygen is summarized in Table 1. 

Table 1 . — The effect of treatment and storage upon germination of milkweed seed 


Specific treatment 


None . ... 

Kept at 10° C. for 5 days . . . .. 

Kept at 10 ° C. for 8 clays .. . _ 

Exposed to concentrated H 2 SG 4 for 3 minutes . 

Exposed to concentrated H 2 SO 4 for f> minutes.. 

Scarified . .. . . . 

Scarified, and kept at 10° O. for 5 days . . 

Kept in an atmosphere of oxygen . 

Kept in an atmosphere of oxygen 10° ('. for 5 days . 

Oxygen scarified. .... ... 

Oxygen scarified, and kept at 10° C. for 5 days 


I „ 


Temper- 
ature 
during 
time of 
germina- 
tion 


0 ('. 
20- ‘Jo 
20-2o 
20-25 
20 25 

20-25 
20 25 
20-25 
20 25 
20- 25 
20-25 
20 25 
20-25 


Period of j Oermi- 
storage , nation 


Months i 
12 : 


J2 j 
2 

12 I 
2 i 
12 ; 

12 i 

13 | 
2 1 
12 j 
2 I 
12 | 

12 i 
2 I 


Per 


rent 

21 

14 

32 

14 

40 

23 
54 
20 

24 
02 
40 
40 
12 
50 
42 
85 
24 
01 
70 


A study of this table shows that milkweed seed under natural 
conditions possesses low germinating power even though the vitality 
of the embryo may remain high. Seeds that are completely after- 
ripened give a decided response to scarification; but only a slightly 
higher germination was attained in an atmosphere of oxygen. It 
may be concluded, then, that mutilation of the testa increases the 
imbibitional capacity of the embryo for moisture rather than for 
oxygen. Alternating temperatures favor germination even in after- 
ripened seed. This is true also after scarification, and indicates that 
in milkweed the change caused by alternating temperatures is not 
confined to the seed coat alone but is shared also by the embryo. 

No decided response to scarification was noted m seed stored for 
two months and germinated at room temperatures. Evidently the 
seed-coat characters alone are not responsible for the long period of 
afterripening. In this case 14 per cent of the untreated seed ger- 
minated at room temperature and no increase was obtained from 
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scarification. However, when the seed was subjected to increased 
oxygen supply and alternating temperatures together with scarifica- 
tion, the germinational response rose to 70 per cent. In general low 
temperatures inhibit respiration, producing a low respiratory ratio 
which permits a storage of oxygen in the seed and tends to hasten 
afterripening. Afterripening is also hastened by increased oxygen 
pressure, alternating temperatures, and scarification. 

VEGETATIVE PROPAGATION 

In the fall of 1925 a number of plants were lifted from the soil 
with as much of the root adhering as was possible and taken to the 
greenhouse where a medium temperature was maintained. The first 
plants were transferred on October 3. Additional plants were dug 



Figure 2.—Experirnental milkweed plot, blossom stage, Ames, Iowa, July 14, 1927 


on November 5, December 4, and on January 18 of the following 
year. The roots were placed in 7-gallon earthenware jars. One-half 
of the plants were set in a sand medium and the remainder in clay 
loam. In the October root collections a period of six weeks elapsed 
before growth began, while in the subsequent propagations the time 
interval became proportionately shorter, until in the January plant- 
ings only two weeks was required. These results suggest that the 
roots undergo a well-defined rest period. No attempt was made to 
shorten the rest period by the use of chemical reagents. In all cases 
the plants in sand cultures responded more rapidly to treatment than 
those in the clay-loam medium. In both series the amount of stored 
food material in the roots was the same. The greater growth response 
in the sand cultures was due possibly to better aeration. Normal 
growth, however, was not attained in the greenhouse, and when the 
plants were transplanted to an out-of-door plot in the spring they 
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were no further advanced after a few weeks than those which came 
up under normal environmental conditions. The greenhouse proce- 
dure, therefore, offered little encouragement as far as increased devel- 
opment was concerned. Since the roots of the milkweed undergo a 
definite period of rest, vegetative propagation is possible, without an 
appreciable loss of time, from roots which have been allowed to re- 
main out of doors all winter. 

FOOD TRANSLOCATION IN THE PLANT 

A study was made of synthesis and translocation and storage of 
food materials to ascertain the changes in these processes that take 
place in the plant at different stages of maturity. Chemical analyses 
of plants were made at definite intervals. The plants used had been 
grown the previous year from native seed. Samples of the roots 
were collected once a month from November, 1926, to November, 
1927, inclusive. Samples of the green portion of the plant were col- 
lected at stated intervals from May, 1927, to November, 1927, in- 
clusive. The plants succumbed to a killing frost in the early part of 
October. The samples taken in November were therefore indicative 
of post-mortem composition. 

Chemical Analyses 

Immediately after collection the samples were brought to the lab- 
oratory, cut into 1-inch pieces, placed in a Freas electric vacuum 
oven, and desiccated at 65° C. in a current of air. The air-dried 
material was ground until it could be passed through a 100-mesh 
sieve. Chemical analyses were made upon this material by the meth- 
ods described below. 

Moisture determination.- — A tared sample of ground tissue was dried to 
constant weight in a Freas electric vacuum oven at 70° C. 

Fat. — -The residue from the moisture determination was freed from lipoids 
and soluble pigments by percolation with anhydrous alcohol-free ether. The 
ether extract was dried to a constant weiglit in an electric oven at 100° C. and 
expressed as percentage fat. 

Reducing sugars. — After expulsion of the ether, the residue of the sample 
was extracted with boiling 90 per cent alcohol (to which a small amount of 
CaCOa was added) for one-half hour on a hot plate. The filtered extract was 
concentrated to remove alcohol, diluted with water, defecated with neutral lead 
acetate, freed from excess lead by sodium carbonate, and finally made up to 
definite volume. Reducing sugars were determined on aliquot portions by the 
Quisumbing and Thomas (SO) method and the results expressed as percentage 
dextrose. 

Total reducing sugar. — Aliquot portions from the original sugar extract 
were hydrolyzed with boiling 2.5 per cent HC1 for one hour. Total reducing 
sugar determinations were carried out and the results expressed as in the case of 
simple reducing sugars. 

Starch and dextrin. — The residue from the sugar extraction was boiled 
with 150 c. c. of water for two minutes in order to gelatinize the starch. After 
being cooled to 38® C. and digested with fresh saliva until a negative result was 
obtained with iodine, the filtered solution was hydrolyzed with 2.5 per cent 
HC1 for 2.5 hours. Glucose was determined as above. The results were multi- 
plied by the factor giving the equivalent values for starch and dextrin and ex- 
pressed as percentage of starch. This figure actually includes the amount of 
water-soluble pentosans and any other soluble or partially hydrolyzed products 
possessing reducing power. 

Hshpcellulose or . acid-hydrolyzable material. — The residue from starch 
digestion was boiled with 150 c. c. of 2.5 per cent H2SO4 (by weight) for one hour. 
The filtered solution was neutralized and clarified in the usual manner. The 
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reducing power of this group of carbohydrates was determined (30) and expressed 
in percentage of glucose. 

Ash. — A 2-gm. sample was ashed at a dull red heat in an electric furnace to a 
constant weight. 

Pentose. — Two-gm. samples were distilled with 12 per cent HC1 according to 
the Official Methods (/). The furfural phloroglucid value was multiplied by the 
proper equivalent and expressed as percentage pentose. 

Total nithogen as protein. — The total nitrogen present in a 2-gm. sample 
was determined by the Kjeldahl method and the result multiplied by the factor 
(5.25 to represent total nitrogen expressed as crude protein. 

Acetone extract. — A 2-gm. sample was extracted 24 hours on an electric hot 
plate with chemically pure acetone. The weight of the evaporated extract, 
containing gums, resins, and pigmented material, was expressed as percentage 
acetone extract. 

Benzene extract. — The residue from the acetone removal was extracted 24 
hours on an electric hot plate with chemically pure benzene. The soluble product 
(rubber) was expressed as percentage benzene extract. 

In the presentation of the chemical data all percentages are calculated upon 
air-dry basis. 

The data pertaining to the chemical composition of the leaves and 
stems are presented in Table 2 and in Figures 3 and 4. The total 
nitrogen content of both leaf and stem tissue of the young, succulent 
plant remains high, that of the leaf surpassing that of the stem during 
May and June. With an increase in maturity the leaf loses more than 
70 per cent and the stem 82 per cent of its nitrogenous constituents. 
Although the ash content of the stem decreases during the summer 
months, inorganic constituents again accumulate during early fall. 
The leaf shows a progressive increase with maturity, the ash content 
being more than twice as great in November as in May. The amount 
of gum and resins, as indicated by the acetone extract, represents 
from 15 to 25 per cent of the total dry weight of the tissues. These 
substances are found in larger amounts in the green portion of the 
plant, predominately in the stem. 

Table 2. — Percentage composition of milkweed leaves and stems during growth 

cycle 


leaves 




Total 







Acid 


Date of 
sampling 

AI ois- 
ture 

nitro- 


Ace- 

Ben- 

Kedue- 

Total 

sugars 

Starch « 

hydro- 


gen as 
pro- 
tein 

Ash 

tone ex- 
tract 

zone ex- 
tract 

ing 

sugar 

and*' 

dextrin 

lyzablo 

ma- 

terial 

Fat 




May 15. 

2.58 ! 

32. 55 

8.90 

14. 45 

0. 49 

4.83 ; 

15. 10 

0.95 | 

5. 48 

5. 75 

June 5 

2.20 

29. 39 

I 9. 50 

13. 75 

. 00 

5.84 

13. 02 

1.75 

0. 52 

0. 30 

June 23 

2.75 i 

17. 50 

10. 90 

! 15. 00 

.81 

5.28 ; 

11.28 

.95 

7. 40 

6.40 

Aug. 5.. 

3.50 

13.45 J 

14. 10 

13. 45 

1. 50 

2.17 

8.48 

.00 

6. 50 

8. 18 

Sept. 7 

2.30 

1 12. 77 

10. 00 

14.68 

1 2. 55 

1.95 

8. 50 

1.08 

5- 48 

10. 45 

Oct. 6 

2. 50 

10.93 

17. 30 

! 12.98 

; 2. 85 

.68 

3. 70 

1.07 

7. 70 

11.35 

Nov. 10 

2:15 

• 15.75 

l 

19. 10 

11.20 

.82 

1.80 

3. 74 

i 2. 49 

8. 28 

8.00 


Pen- 

toses 


10. .58 
12. 13 
10. 55 
10 . 02 
12. 03 
10. 73 


STEMS 


May 15 

2.20 * 

23. 50 

8. 45 

22.70 

0. 30 

15.68 

20. 56 

1.27 

7.49 

4.40 

: 

10. 02 

June 5. 

3.72 : 

15. 05 

7.00 

25.60 

.27 

15. 08 

21.88 

. 92 

7.60 

3.25 

13. 20 

June 23 

3. 18 

9. 72 

5. 15 

20.25 

.47 

9.68 

16. 48 

1.40 

10. 00 

3.05 

15. 82 

Aug. 5... -- 

3.45 1 

0. 50 

2. 80 

18.30 

.40 

6.88 

10. 20 

.32 

11.48 

2.40 

19. 06 

Sept. 7 

2.85 ! 

5. 05 

3. 10 i 

17.14 i 

.30 

8.25 

14.08 

.75 

11.04 

2.50 1 

20. 33 

Oct. 0 

3.00 

3. 97 

4. 50 

12.20 

.31 

5. 02 

7. 13 

1.30 

14. 72 

2. 15 

21. 25 

Nov. 10 

3.65 i 

4.20 

5.70 

7.50 

1 

.30 

.88 

1.00 i 

.00 

15. 76 

2. 75 

21.64 


a No iodine roaction for starch, the small amount of reducing substances here represent dextrins and 
II 2 O soluble pentosans. 
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Rubber (benzene extract) is present in the stems only in traces. 
Since none is present in the roots, the leaf must remain the center of 
rubber synthesis and storage. This conclusion is further strengthened 
by the fact that there is a gradual increase in benzene extract with 
maturity. Attention should, be called to the post-mortem examina- 
tion as represented by the samples obtained November 10 in which 



over four-fifths of the total rubber present had been destroyed by a 
killing frost. The analyses showed 2.53 per cent rubber in leaves 
prior to killing frost, 1.54 per cent present five days after the frost, 
and 0.50 per cent present two weeks after the frost. It is difficult to 
explain this loss, since no increase was found in the acetone or benzene 
extract of the stem tissue. 
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Like nitrogen, soluble carbohydrates appear to reach their maxi- 
mum concentration in the young tissue. A progressive loss of these 
soluble constituents was noted. According to Parkin ( 27 ), starch 
as a rule is formed plentifully in most dicotyledonous leaves. In the 
milkweed, however, this was not found to be the case. Evidently 
the milkweed stores its leaf carbohydrates in the form of sucrose, 
since this sugar predominates in the leaves. In the stein the pre- 
dominating sugar is hexose. The total sugar content of the stem is 
also considerably higher than that of the leaf. Hernicelluloses evi- 
dently do not serve as a reserve or storage material in the milkweed 
leaf, but in the stem they increase with the age of the plant. Ap- 
proximately 10 to 12 per cent of pentosan material is found in the 
leaf. The absence of starch and the fairly uniform hemicellulose and 
pentosan content in the leaf are strong indications that synthesis, 



Figure 4.--C hanges in chemical composition of milkweed stems during the growth cycle 


storage, and translocation of carbohydrate material are accomplished 
through the medium of sucrose. 

The results of chemical analyses of the root tissue made at monthly 
intervals during the year are shown in Table 3 and Figure 5. It is 
evident that the root system serves as a storage medium for vegetative 
propagation. Here, as in the leaf and stem, nitrogenous and carbo- 
hydrate materials form the chief migratory and storage constituents. 
Tiie gums, resins, and lipoids are not concentrated in the underground 
organs and exert probably only a minor influence. Nitrogen migrates 
out of the root tissue during the period of great physiological activity 
in the green portions of the plant, and accumulates during the late 
fall anu winter months. Although Murneek ( 23 ) found hemicellulose 
to function as a storage material (like starch) in the spur tissue of the 
apple tree, nevertheless it does not offer such a possibility here since 




846 


Journal of Agricultural Research 


Vol. 39, No. 1 1 


no decided changes occur in its deposition or utilization. The pen- 
tosan content of the root constitutes from 12.5 to 19.65 per cent of the 
dry weight. Except during the summer months, it shows but little 
fluctuation. This type of material appears as a storage constituent 
in the stem only. 


Table 3. — Percentage composition of milkweed roots during growth cycle a 


Date of sampling 

Mois- 

ture 

Ash 

Total 
nitro- 
gen as 
protein 

Ace- 

tone 

extract 

Fat 

Reduc- 

ing 

sugars 

Total 

sugar 

Starch 

and 

dex- 

trin 

Acid 

hydro- 

lyzable 

mate- 

rial 

Pen- 

toses 

Nov. 3 .... 

4. 10 

7. 35 

9. 18 

5. 90 

2 20 

0. 52 

14.08 

16. 38 

9. 20 

13. 84 

Dec. 1 

3. 00 

0. 30 

10. 50 

0. 15 

2. 10 

. 50 

18. 72 

8. 50 

9. 00 

15. 85 

Jan. 8 

2 80 

8.50 

11. 17 

0.40 

2 95 

1.40 

19. 00 

0. 19 

8.10 

15. 05 

Feb. 10 

4.00 

0. 78 

11. 59 

fl. 70 

2. 08 

1.30 

21.84 

| 8.71 

8. 91 

14.43 

Mar. 12 

4.00 

6. 00 

11.17 

0.40 

2.40 

1.45 i 

21.12 

1 8. 97 

10. 12 

10.00 

Apr. 10. 

4.00 

7.50 

12. 77 

1 7. 00 

2.33 

2.30 

18. 72 

j 8. 38 

i 9. 52 

15. 95 

May 4 

3 40 

7.00 

12.34 

1 r>. 35 

3. 22 

1.41 

13.40 

10.00 

8.04 

10. 00 

June 5 

3 00 

8. 18 

9.88 

! 8.35 ! 

3. 35 

3. 20 

: 8. oo 

0. 80 

9. 00 

19. 05 

July 1 

3 30 

0.80 

5.90 

; 8. oo ; 

4.00 

3. 00 

8 59 

11.70 

9. 52 

18. 70 

Aug. f> .... 

2 00 

9. 85 1 

4.81 

8.30 

3. 75 

3. 1 3 

10. 04 

| 13.40 

8.84 

18. 10 

Sept. 7 

3 00 

7.00 

4.72 j 

5.90 

2 50 

2. 12 

1 9. 07 

1 30. 50 

8.70 

14.34 

Oct. 7 

4.30 

7. 12 1 

7.80 

5. 55 1 

2. 50 

.88 

10. 50 

; 24. 44 

H. 00 

12. 50 

Nov. 7 i 

2.40 

8.70 

9.21 

0. 30 

2. 80 

.80 

i 17.28 

1 

! 15. 20 

i 

8. 60 

15. 15 


a The benzene extract was nil in all samples. 


It is in the root that starch is first encountered. This fact appears 
significant because this reserve carbohydrate is found in neither the 
leaf nor stem tissue, where rubber is present. Sucrose here, as in 
the leaf, remains the predominating sugar. Starch begins to ac- 
cumulate during early midsummer and reaches its maximum in 
September. During the winter months it is converted to sucrose 
and attains its highest concentration during February and March. 
This fact is substantiated by the statement of Hooker (18) and 
Blackman (3) that the inception of dormancy is usually preceded 
by a carbohydrate and nitrogen increase in which sucrose and starch 
present a definite interrelationship. During active growth in the 
green portions of the plant, ash and rubber are stored in the leaf, 
hemicellulose and pentosans in the stem, and starch in the root. 

Hexose sugar is present in the root only at a low concentration, 
and the amount fluctuates but little with change of season. Sucrose, 
on the other hand, varies inversely with starch deposition. The 
starch which accumulates during the summer is converted to sucrose 
and is used for the production of new tissue the following spring. 
Figure 5 indicates the cyclic seasonal interrelationship between total 
sugars, starch, and nitrogen. Figures 3 to 5 show that during May 
and June the available carbohydrates are largely trans-located out of 
the root into the green portions of the plant. Nitrogen is also present 
in smaller amounts. During June and July flower-bud formation 
and fertilization occur, and in the period of great physiological 
activity that accompanies these processes carbohydrate and nitrog- 
enous materials migrate out of the root, leaf, ana stem tissues into 
the floral organs, there to be stored later in the developing seed. 

COMPOSITION OF LATEX 

The lactiferous system of the milkweed plant is composed of 
individual latex cells, and structurally is identical with that of the 
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Urticaceae and Apocynaceae. While little is known regarding the 
function of such a system, Parkin (28) has indicated that it serves 
in the translocation and storage of food reserves. Weiss (38) and 
Schullerus (34) y on the other hand, attach little physiological sig- 



Figure 5.—Changes in chemical composition of milkweed roots during the growth cycle 


nificance to its presence, believing that it serves merely as a recep- 
tacle for the waste products of metabolism. 

It was not possible to follow the chemical changes that took place 
in the composition of milkweed latex during the growing season, 
since there were not enough plants available to furnish a sufficient 
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quantity for analysis. However, one collection of latex was made. 
To obtain the latex for chemical analysis a leaf or portion of the 
stem was ruptured at several places, and when a drop or two of 
latex appeared on the surface it was sucked into a small test-tube 
suction trap, and the rupturing and sucking process was repeated. 
About 30 plants and some four hours of labor were required for the 
collection of 20 c. c. of latex. Where the changes in rubber and resin 
content have been determined, analyses were made of the leaf and 
stem tissue as a whole. The chemical composition of milkweed 
latex, collected July 20, as compared with that of a 4-year-old Para 
rubber tree ( Hevea orasiliensis L.), is shown in Table 4. 

Table 4. — A comparison of the percentage chemical composition of latex from milk- 
weed and from Para ruhbertree 


Milk- 

weed 

Constituent 

Para 
rubber- 
tree ° 

70.00 

Moisture 

70.00 

1.40 

Ash. ..... ... 

. 26 ■ 

4.00 

Total sugars. 

.79 ! 

23.00 

Resins ! 

1.22 i 

3. 34 

Rubber i 

27.07 

.46 

Total nitrogen. 

.24 | 

0 

Disaccharides 

0 

Dextrin and starch 

| 

6. 52 

Hemicellulose 

J 





• Beadle, C., and Stevens, II. (£). 


It is easily seen from Table 4 that milkweed latex offers an inferior 
source of rubber. The moisture and total nitrogen content of the 
latex from the milkweed and Para rubbertree approach a common 
level. It is in the distribution of rubber and resins that a marked 
compositional difference lies. Milkweed latex contains about twenty 
times the amount of resin and only one-eighth the amount of rubber 
found in the exudate of Hevea. The ash and sugar values are from 
five to six times greater in the milkweed latex than in the Para 
rubbertree. From the above analyses it is evident that the secretory 
and compositional mechanism in the two species must be entirely 
different. Although sucrose is the predominating sugar present in 
the leaf, hexoses only are found in the latex. Since the latex for 
analysis was obtained from the midrib and petiole of the leaf and 
also from the stem proper, in which hexoses predominate, it appears 
that the laticiferous system might serve as a translocation medium 
for simple carbohydrates. Nitrogen was present only in small 
amounts. 

SUMMARY 

The common milkweed may be propagated vegetatively, but 
because of a well-defined rest period in the roots this method does 
not lend itself to practical use. The seed also requires a prolonged 
period of afterripening. This process is induced by embryological 
immaturity rather than seed-coat hindrance. Seed-coat permea- 
bility is a limiting factor in the germination of fully afterripened seeds. 
Moisture rather than oxygen is excluded. Alternating temperatures 
between 10° and 25° C. produced increased germination. 
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In young, succulent growth nitrogen and carbohydrates predomi- 
nate. Sucrose is stored in the leaf, translocated in the form of hexoses 
through the stem to the root, and stored as starch during the late 
summer, only to be converted back to sucrose at the inception of 
winter. Leaf, stem, and roots yield nitrogenous and carbohydrate 
material to the developing flower and seed. Ash and rubber are 
stored in the leaf, pentosans and hemicelluloses in the stem, and 
starch and nitrogen in the root. No starch is present in the green 
portions of the plant. 

From the limited trials made, it appears that gums and resins are 
present in the latex of milkweed in large amounts, rubber only to the 
extent of 3.5 per cent, and this is localized largely in the leaf. Freez- 
ing destroys more than four-fifths of the normal rubber present. A 
comparison of the latex of milkweed and Hevea indicates a decided 
compositional difference in the resin and rubber content. Hexoses 
appear as the only simple sugar present in milkweed latex, which 
suggests that these lactiferous structures may aid in carbohydrate 
removal from the leaf to the root, since hexoses are the types of sugar 
represented in the translocation form. 
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EFFECTS OF SOIL TEMPERATURE AND REACTION ON 
GROWTH OF TOBACCO INFECTED AND UNINFECTED 
WITH BLACK ROOT ROT 1 

By William L. Doran 

Research Professor of Botany , Massachusetts Agricultural Experiment Station 

INTRODUCTION 

Black root rot of tobacco, caused by the fungus Thielavia basicola 
(Berk, and Br.) Zopf, is known to be much affected by the reaction 
of the soil. In the field experiments of Anderson, Osmun, and 
Doran (3) 2 this disease did little or no damage in a soil as acid as 
pH 5.6, and it was severe in a soil with a pH value of 5.9. One 
year (1925), Anderson and Morgan (2) found that this disease was 
serious only in soils with a pH value of 5.95 or higher, but in the 
colder summer of the following year, they (14) found it in more 
acid soils and concluded that the safety point, at least for shade 
tobacco, may be nearer 5.6 than 5.95 on the pH scale. Anderson 
( 1 ) concluded later that no injury occurs below pH 5.6, but that 
between pH 5.6 and 6.0 there is a doubtful zone within which the 
root rot may or may not occur. 

Black root rot is known to be much affected by the temperature 
of the soil. Johnson and Hartman (10) found that it was most 
severe at 17° to 23° C., much less severe at and above 26° C., and 
practically negligible at about 30°. Valleau, Kenney, and Kinney 
{21) reported that at soil temperatures of 21° to 23° C. in the field, 
black root rot injured tobacco, but that at an average soil temperature 
of 25.5° C. tobacco grew fairly well in this soil. 

In most if not in all previous experiments on black root rot of 
tobacco, the effects of soil temperature and of soil reaction on the 
disease have been considered as factors operating independently. 

One of the objects of the work described in the present paper was 
to determine to what extent, if at all, the pH value of the soil at 
which black root rot of tobacco becomes measurably injurious is 
affected or changed by the temperature of the soil; in other words, 
to study the joint effect of these two factors of the environment. 

There was in the beginning some reason to expect that the effect 
of a certain soil reaction on black root rot might itself be influenced 
by the temperature of the soil; for, according to Jones, Johnson, 
and Dickson {12), the optimum for an environmental factor in infec- 
tion of a plant by a fungus may vary through some range with other 
simultaneously varying factors, and Faris (7) found that, in the case 
of infection of barley by covered smut, soil reaction and soil tempera- 
ture modified the effects of each other. Furthermore, it was suggested 
by Morgan and Anderson (14) and by Anderson (1), on the basis of 
observations in the field, that the exact point on the pH scale at 
which black root rot of tobacco is a cause of loss may be influenced 
by the season and especially by the temperature. 
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A clear understanding of the effect of environmental factors on 
black root rot of tobacco, or on any other plant disease, is possible 
only if the effect of these environmental factors on the host itself is 
known. The effects of soil temperature and of soil reaction on the 
growth of tobacco in the absence of Thielavia basicola were therefore 
investigated also, and the results obtained are here reported. 

METHODS 

In pot experiments, subsequently described, the constant soil 
temperatures desired were maintained by means of soil temperature 
tanks of the type described by Jones (11) but modified at the Massa- 
chusetts Agricultural Experiment Station. At each temperature 
there were several pots of soil, each of a different pH value. 

For the experiments with Thielavia basicola , soil (a stony, sandy 
loam of glacial origin) was obtained from a held known to be infested 
with this fungus. Some of the plots in this field had been limed 
three years before and others had not. Soils of several different pH 
values were thus available. To secure an even greater range of pH 
values, the reaction of the soil for some pots was further adjusted 
with hydrated lime or with sulphuric acid. The amounts of lime or 
acid necessary to add to produce the desired changes in pH value 
were determined in preliminary experiments by methods essentially 
the same as those described by Hopkins (9) and Faris (7). The 
pH values were checked monthly, 3 and were found not to change 
significantly during the course of each experiment. 

In three series of experiments soil infested with Thidana basicola 
was used. In two series of experiments soil sterilized by steam to 
rid it of this fungus was used in order to study the effect of soil 
environment on the growth of tobacco in the absence of black root rot. 

In all pot experiments, a strain of Havana tobacco susceptible to 
black root rot was employed. In some cases seeds were sown directly 
into the pots. If transplants were used, they were taken from 
sterilized soil to insure freedom from black root rot when set. In 
one field experiment, strains of root-rot-resist ant and root-rot- 
susceptible Havana tobacco were compared to determine their 
response to lime in the presence of Thielavia basicola. 

The results in all experiments are based on the degree of infection 
of the roots and on the growth, dry weight or leaf areas, of plants. 

EFFECT OF TEMPERATURE AND REACTION OF SOIL INFESTED 

WITH THIELAVIA BASICOLA ON INFECTION OF ROOTS AND 

GROWTH OF PLANTS 

In three series of experiments, unsterilized soil infested with the 
root-rot fungus was used. Before the results of these experiments 
are described, however, mention should be made of the effect of soil 
temperature and reaction on the germination of tobacco seeds and 
on the period of incubation of black root rot, since the responses in 
these two respects were essentially the same in each of the several 
experiments. 

SEED GERMINATION 

Soil reaction had much less effect on the germination of seeds than 
on the subsequent growth of the seedlings. Germination was not 


> Except where otherwise indicated, pH values were determined color JmetricalJy, by the method used 
and described by Anderson and Morgan (#). 
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significantly affected by soil reaction within the range of pH values 
used, pH 4.6 to 6.9, inclusive. This range extends, on the more acid 
side, below that reported by Van der Poel (15, 16), in whose experi- 
ments tobacco seeds germinated well at. hydrogen-ion concentrations 
between pH 5.6 and 7.8. 

The relation of soil reaction to germination was not affected by 
soil temperatures within the ranges used, that is, 15° to 30° C. 

Soil temperatures had more effect on the length of time required for 
germination than on the percentage of tobacco seeds which germinated. 
The seeds germinated in 4 days at 30° to 21° C., in 6 days at 18° C., 
and in 10 days at 15° C. Germination, although delayed, was fair at 
the lowest temperature used, 15° C., which is near the minimum 
temperature for the germination of tobacco seeds, 13° C., as deter- 
mined by Johnson and Murwin and reported by Russell et al. (27, 
p. 16-17). The best germination was at 30° C., the highest tempera- 
ture used. 

PERIOD OF INCUBATION 

Black root rot lesions with Thielavia basicola sporulating on them 
were found in some cases when seedlings were only 2 to 3 weeks old, 
but no black root rot was found on seedlings less than 2 weeks old. 

The colder the soil, down to 18° C., and the more nearly neutral the 
soil reaction up to pH 6.9, the shorter was the incubation period for 
black root rot, assuming it to begin in infested soil with the germina- 
tion of the seeds. 

In the more acid soils with pH values of 5.6 or lower, the incubation 
period Was about. 10 days longer than in the more nearly neutral soils 
with pH values of 5.9 or higher. At a given soil reaction, the incuba- 
tion period was 3 or 4 days longer at soil temperatures of 24° C. or 
higher than at lower temperatures. 

FIRST SERIES 

In the first series of experiments black root rot was present only as 
a trace, or very mild in soils having a pH value of 5.0 or lower at all 
soil temperatures used, 15° to 30° C. In soils with pH values of 6.5 
to 6.9 the disease was severe at soil temperatures of 15° to 24° C., 
mild or very mild at 27° C., and only a trace was present at 30° C. 
The degrees of infection of roots were as indicated in Table 1, in which 
are also recorded the relative sizes of plants, as determined by leaf 
areas, measured with a planimeter. 

At soil temperatures of 15° to 27° C., inclusive, but not at 30° C., 
plants were much larger in the more acid soils, with pH values of 
5.0 or lower, than were plants in the less acid soils, with pH values 
of 6.5 or above. The greatest differences in sizes of plants, between 
those in the more acid and those in the less acid soils, were at tempera- 
tures of 24° C. and lower. 

Black root rot did not retard the growth of plants in soil with a pH 
value of 5.0 or lower at any temperature. Retardation of growth 
due to black root rot occurred in soils with a pH value of 6.5 or 4 higher, 
and this retardation of growth was greatest at soil temperatures of 
24° C. or below, less marked at 27° C., and not significant at 30° C. 
Even in soil as nearly neutral as pH 6.9, black root-rot infection 
was much lighter and resulting interference with growth much less 
at 27° C. ana at 30° C. than at lower temperatures. 

82107—29 4 
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In this series, the critical point for black root rot on the pH scale 
was between pH 5.0 and 6.5 at all soil temperatures at which tobacco 
will grow below 27° C. 

SECOND SERIES 

In the second series of experiments, soils with pH values of 5.0, 
5.2, 5.6, 5.9, 6.1, 6.3, and 6.5 were used. As before, the soil tempera- 
tures were 15°, 18°, 21°, 24°, 27°, and 30° C. The degrees of infection 
of the roots and the dry weights of plants, the latter expressed in 
relative numbers, are recorded in Table 2. 

Root infection was absent, or present only as a trace, in soils with 
pH values of 5.6 or lower at all soil temperatures. In soils with pH 
values of 5.9 to 6.5, infection w r as severe at soil temperatures of 15° to 
24° C. inclusive, moderate at 27° C., and mild or very mild at 30° C. 

At all soil temperatures growth was relatively good in soils with a 
pH value of 5.6 or lower and relatively poor in soils with a pH value of 
5.9 or higher. Retardation of growth due to black root rot in these 
less acid soils was, as compared with growth in the more acid soils, 
greatest at soil temperatures of 18° to 24° C., less at 27° C., and least 
at 30° C. A soil temperature of 15° C. is too low for tobacco, and 
growth was poor at that temperature regardless of black root rot. 

In this series, the critical region on the pH scale for infection by 
Thielavia basicola was between 5.6 and 5.9, and this region was not 
changed by soil temperatures lower than 30° C. 

It has often been noted that tobacco plants infected by Thielavia 
basicola in the field tend to grow better or to recover partially as they 
become older, and this has been attributed to a rise in soil temperature 
w r ith the advance of the season. While higher soil temperatures are 
of course important, observations made in this series indicate that 
some of this recovery may occur without a rise in the soil temperature 
as the plants become older. 

Black root rot in the less acid soils, pH 5.9 to 6.5, retarded the 
growth of plants more when were young than it did later. Leaf areas 
were measured with a planimeter when plants in this series were 5 
weeks old and again four weeks later. The areas of leaves of plants 
in the less acid soils, in which black root rot was more severe, were, 
as compared with the areas of leaves of plants in the more acids soils 
(pH 5.6 or lower), as follows: 

At 15° C., first measurement 33 per cent; second measurement 33 per cent. 

At 18° C., first measurement 21 per cent; second measurement 34 per cent. 

At 21° C., first measurement 15 per cent; second measurement 43 per cent. 

At 24° C., first measurement 9 per cent; second measurement 49 per cent. 

At 27° C., first measurement 7 per cent; second measurement 55 per cent. 

At 30° C., first measurement 13 per cent; second measurement 67 per cent. 

Although the soil temperatures were constant, black root rot was 
less injurious in its retarding action on the growth of older plants 
than on the growth of younger plants. High soil temperatures were 
not so effective in protecting seedlings against retardation of growth 
due to black root rot as were these same high temperatures when the 
plants became older. 

THIRD SERIES 

In the third series of experiments, soil reactions were so adjusted as 
to give the following pH values: 5.5, 5.6, 5.7, 5.8, 5.9, and 6.0. The 
soil temperatures used were the same* except that 32° C. was substi- 
tuted for the 30° C. of the previous series. 
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The degree of root infection and the average dry weights of plants 
in each treatment, the latter expressed as relative numbers, are re- 
corded in Table 3. 

No more than a trace of infection by Thielavia basicola was present 
in soil with a pH value of 5.5 or 5.6 at any soil temperature. There 
was infection in soils with pH values of 5.7, 5.8, 5.9, and 6.0, and the 
critical point for black root iot on the pH scale was affected somewhat 
by the soil temperatures. At 15° C. growth was reduced about one- 
third and infection w r as of moderate severity at pH 5.7. At 18° C. 
black root rot was mild and growth was reduced about one-fourth at 
pH 5.7, and at pH 5.8 the disease was severe and growth was depressed 
by half. At 21° and 24° C., black root rot did not cause injury at 
pH 5.7, but at pH 5.8 infection was moderately severe and growth 
was somewhat retarded, and at pH 5.9 infection was severe and growth 
was retarded bv about one-half. At 27° C. infection was only moder- 
ate in any soil, liut there was a growth depression beginning at pH 5.8 
or 5.9. At 32° O. there was no infection and no interference with 
growth even in soil with a pH value of 6.0. 

In this series, as in the previous one, the critical region for black 
root rot on the pH scale was between pH 5.6 and 5.9. In the coldest 
soil/ 15° C., the critical point was pH 5.7. At 18° it was pH 5.7 or 
5.8; at 21° and 24° C. it w r as pH 5.8; and at 27° it was pH 5.8 or 5.9. 
Above 27° C. black root rot did no damage. 

The indications are that tobacco in this soil would be safe from 
black root rot at any temperature at which this crop will grow in soil 
with a pH value of 5.6. Only in a very cold season w r ould black root 
rot cause loss in this soil when the pH value was 5.7. If this soil had 
a pH value of 5.8 or 5.9, black root rot would be expected to cause 
growth depression below' soil temperatures of 27° C. At 32° C., this 
soil would be safe w r ith a pH value at least as high as 6.0. 

But one W'Ould probably not be justified in attempting to specify 
definitely for all soils the pH value at wkich black root rot might 
occur, for the disease is known to be affected somewhat by the tem- 
perature of the soil, and it is not unlikely that it is also affected some- 
what. by the nature of the soil itself. 

RELATION OF BLACK ROOT ROT TO THE TEMPERATURE AND REACTION OF SOIL 
IN THE FIELD IN 1927 AND 1928 

The observations previously recorded were, of course, based on 
constant soil temperatures, but in the field during the growing season 
of tobacco the soil temperature is far from constant. 

To supplement information secured in constant-temperature tanks, 
there is always, as has been pointed out by others (12), need for obser- 
vations on the correlation of soil temperatures and plant diseases in the 
field. While a record of air temperatures is of some value, at least in 
comparing one growing season with another, a record of actual soil 
temperatures in the field is highly desirable, for, as shown by Keen 
and Russell (13) and as w'as suggested earlier by the work of Stock- 
bridge (19), organisms in the soil are living in a rather warmer environ- 
ment than would be inferred from the air temperatures. 

A record of soil temperatures, 5 inches deep, was obtained in July 
and August, 1927 and 1928, in a tobacco field at Amherst, Mass. 
The daily maximum and minimum and the hourly mean tempera- 
tures of this soil are given graphically in Figures 1 and 2. 
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For the present, it is probably safer to consider the hourly mean 
temperatures rather than the daily maximum or minimum tempera- 



Figure 1 .— Maximum, hourly moan, and minimum soil temperatures in field, summer of 1927 

tures, although as has been pointed out by other investigators {12), 
the relative influence on plant diseases of daily maximum or minimum 



Figure 2— Maximum, hourly mean, and minimum soil temperatures in field, summer of 1928 


temperatures as compared with hourly mean temperatures is not 
known. 

TJhe pH values of the soil in this field during the growing seasons 
of 1927 and 1928 were 5.9 to 6.1. On the basis of results secured in 
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the temperature tanks and previously described, marked injury from 
black root rot would be expected in soil with these pH values if the 
soil temperatures were 24° C. or lower. 

In 1927 the hourly mean temperatures of the soil in this field were 
below 24° C., and therefore low enough to favor infection by Thielavia 
from July 5 to September 3, with the exception of six days in July 
and one in August. 

Under these conditions of soil temperature and reaction, root infec- 
tion was severe. The yield per acre of cured leaf was only 987 pounds, 
while in adjacent plots the yield per acre was 1,659 pounds. In these 
plots the soil temperature was presumably the same as in the field, 
but the pH value of the soil was 5.6, too acid for black root rot. 

In 1928 the hourly mean temperatures of the soil were below 24° C. 
from June 22 to September 2. As was to be expected, considerable 
black root rot developed, although it was not so severe as in 1927 in 
the same plots, probably because one more year had elapsed since this 
soil was limed (in 1923). 

In 1927 the soil temperatures in the field were probably about 
normal in July and lower than normal in August, for the mean hourly 
air temperature at Amherst was 0.22° C. below normal in July and 
1 .98° C. below normal in August of that year. In 1928, however, the 
mean hourly air temperatures were not below normal at Amherst in 
either July or August. July and August in 1928, but not in 1927, 
were characterized by a total precipitation markedly greater than 
normal. So in these two years — one of slightly subnormal air 
temperature and approximately normal rainfall, the other of normal 
air temperature but excessive rainfall — the mean hourly temperatures 
of the soil were low enough (below 24° C.) to favor black root rot in 
this soil with a pH value of about 6.0. 

EFFECT OF SOIL TEMPERATURE AND REACTION ON GROWTH OF 
PLANTS IN SOIL NOT INFESTED WITH THIELAVIA BASICOLA 

In the experiments previously described, the higher the soil tem- 
peratures up to 27° to 30° C., the larger were the tobacco plants, 
and this was true in the practical absence of infection, that is in the 
more acid soils, as well as in the less acid soils on which there was 
black root rot. The optimum temperatures for the growth of tobacco 
(between 26° and 30° C. (12)) were, in the present experiments, about 
the same whether or not black root rot was present. Because of 
this, the condition of the roots, as well as growth measurements, was 
considered in determining the effect of soil temperature on black 
root rot. 

The effect of soil reaction on the growth of tobacco in the absence of 
Thielavia basicola deserves consideration if we are to distinguish 
between soil reaction and the fungus itself as a cause of the poor 
growth of tobacco in soils with relatively high pH values. It is con- 
ceivable that the roots of tobacco plants might be more susceptible 
to infection if, in soil with a reaction approaching neutrality, the 
plants were weakened or their growth retarded by the too high pH 
value of the soil. But, according to the literature, the application of 
lime and the resulting higher pH value of the soil would benefit 
tobacco, at least in most soils of the Connecticut Valley, were it not 
for the presence of the black root-rot fungus. In the experiments of 
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Shchepkina (20) the optimum pH value for the growth of tobacco 
in solutions was 8.0. Briggs (4), working with a Connecticut Valley 
soil not infested with the fungus, found that tobacco made a better 
growth on limed than on unlimed soil. Chapman (6) concluded from 
nis observations and experiments that liming is needed for the best 
growth of tobacco in Massachusetts. The immediate effect of liming 
an acid soil at this station was found by Anderson, Osmun, and Doran 
(8) to be an increase in the yield of tobacco, and not until a later 
year when black root rot developed were yields lowered. Morgan 
and Anderson (14) applied lime to an acid soil in Connecticut, and 
a marked increase in the yield of tobacco resulted. 

It is of course possible to overdo the liming, and the unfavorable 
results on tobacco in such cases have been attributed, and with good 
cause, to the black root rot which follows. But evidently too much 
lime may be applied even when black root rot is not a factor. Johnson 
and Hartman (10) found that even in soil not infested with Thielavia 
basicola some lime increased the growth of tobacco, but that if more 
lime were added growth was retarded, at least at first. 

In experiments by Slagg and his associates (18), the application 
of lime for three successive years was followed by lowered yields of 
tobacco, and meanwhile there was an increase in black root rot 
on limed plots; so the lowered yields might be attributed directly to 
the disease and only indirectly to the lime. 

In order to secure further information on the effect of lime on to- 
bacco, leaving out for the time the question of black root rot, the 
experiments described below were conducted. 

EFFECT OF LIME ON STRAINS OF TOBACCO SUSCEPTIBLE TO BLACK ROOT ROT 
COMPARED WITH ITS EFFECT ON RESISTANT STRAINS 

If a too high pH value of soil rather than increased infection by 
Thielavia basicola were the direct cause of trouble with tobacco in 
certain soils, as great a depression in yield would be expected in 
the case of strains of tobacco resistant to black root rot as in the case 
of susceptible strains in limed soils. That such is not the case is 
shown by the following results. 

Havana tobacco of a strain susceptible to black root rot and 
Havana tobacco of two resistant strains 4 were set in adjoining plots in 
a field known to be infested with Thielavia basicola. In the case 
of each strain, half the plots used had been limed heavily (a total of 
5 tons per acre, the last of it applied three years previously), and 
these plots had a pH value of 6.0. The other half of the plots used 
had not been limed, and these had a pH value of 5.4. 

Roots were examined at the end of the season. There was only 
a trace of infection in the more acid soil on any strain, susceptible 
or resistant. In the less acid soil, black root rot was severe on the 
susceptible strain and very mild or present only as a trace on the 
resistant strains. 

The yields per acre of cured leaf and the percentage loss in yield 
of limed plots, as compared with the yield of unlimed plots, are 
recorded in Table 4, together with pH values of soil and degree of 
infection by Thielavia. 


4 Developed by James Johnson of the Wisconsin Agricultural Experiment Station. 
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Table 4. — Effect of tuning the soil on the growth of strains of tobacco resistant 
and susceptible to black root rot 



Grown without lime 

Grown with lime 

Percent- 








age loss 








in yields 
on limed 

Strain of tobacco 

Soil pll J 
value 

Extent of 
root rot 

Yield of 
tobacco 
per acre 

Soil pll 
value 

Extent of 
root rot 

Yield of 
tobacco 
per acre 

plots 

compared 
with 
yield on 






unbilled 








plots 




; Pounds 



Pounds 


Susceptible 

5.4 ; 

Trace 

! 1,294 

I 6. 0 

Severe 

821 

37 

Resistant, No. 142A3X— 

Resistant, No. 14203 X . 

5.4 

do 

2, 255 

! 6. 0 

Trace... 

2, 222 

1 

5.4 !. 

....do 

t 2,176 

1 

• 6. 0 

. do. ..... 

2,049 

6 



The yield of the susceptible strain, with black root rot a factor, was 
37 per cent, less on limed than on unlimed plots. The yields of the 
resistant strains, with black root rot not a factor, were only 1 per cent 
and 6 per cent less on limed than on unlimed plots. In other words, 
when black root rot was not a factor, there was no real or significant 
decrease in yield as a result of the lime. 

EFFECT OF SOIL REACTION ON GROWTH OF TOBACCO IN ABSENCE OF THIELAV1A 

BASICOLA COMPARED WITH ITS EFFECT IN THE PRESENCE OF THIS FUNGUS 

Soils known to be infested with Thielavia basicola were obtained 
from a limed plot in which the pH value of the soil was 6.0, and from 
an adjacent unlimed plot in which the pH value was 5.5. 

Half the soil obtained from each plot was steam stcrlized to rid it of 
the fungus. As has been pointed out by others (10), an absolute com- 
parison between sterilized and infested soils is subject to the criticism 
that changes in the soil in addition to the eradication of parasitic fungi 
result from steam sterlization. But methods of disinfecting soil with- 
out otherwise altering it are unknown, and for the purposes of this 
experiment, soil entirely free from Thielavia basicola was needed. 

Five weeks after the soils were sterilized, tobacco seedlings (from 
sterilized soil) were set in pots of the several soils, with treatments in 
triplicate. The average dry weights per plant in each treatment at 
the end of the experiment are recorded in Table 5. 

Table 5. — Effect of liming the soil on the growth of tobacco with and without Thielavia 

basicola in the soil 


Description of soil 


I A verage 
jtiry weight 
per plant, 
j grown 


Limed, Thielavia present 

Not limed, Thielavia present 

Limed, Thielavia absent 

Not limed, Thielavia absent. 


Gram * 

2. 46 

3. 19 
12. 18 

3. 45 


Roots were examined. Infection by Thielavia basicola was severe 
in limed soil not sterilized, very mild or little more than a trace in soil 
not limed and not sterilized, and absent from sterilized soils limed and 
not limed. 
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When neither the limed nor the unlimed soil was sterilized, infection 
by the fungus in the limed soil so retarded the growth that plants in 
it had an average dry weight only 77 per cent of that of plants in 
unlimed soil. 

When both these soils were sterilized, the benefit of lime was such 
that the average dry weight of plants in limed soils was 353 per cent of 
that of plants in soil without lime. In sterilized soil lime was associ- 
ated with a marked increase rather than a decrease in the growth of 
tobacco plants. 

In soil limed, and with the fungus consequently an important factor, 
the response in growth following the eradication of the fungus by steam- 
ing was an increase in weight of plants of 395 per cent. In soil not 
limed, and so without the fungus as an important factor, the response 
in growth following steaming was an increase in weight of plants of but 
8 per cent, which is hardly significant. This may be interpreted to 
mean that a limed soil responded much more markedly to the stim- 
ulatory effect of steaming than did a soil without lime, but in any case 
it is evident that lime alone in the absence of Thielavia basicola did not 
injure the plants. 

EFFECT OF SOIL TEMPERATURE ON THE RESPONSE OF TOBACCO TO CERTAIN SOIL 
REACTIONS IN THE ABSENCE OF THIELAVIA BASICOLA 

The effect of soil reaction on the growth of tobacco in soil infested 
with Thielavia basicola is affected by the temperature of the soil. The 
experiments described below were undertaken to determine whether 
or not the response of tobacco to certain soil reactions is also affected 
by the temperature of the soil when this fungus is not a factor. 

The soil used was freed of the fungus by steam sterilization. Its 
initial pH value was 5.6. The soil was divided into several portions 
and their reactions adjusted by means of hydrated lime, after pre- 
liminary experiments had shown the quantities of lime necessary to 
produce certain desired changes in the pH value of the soil. The 
quantities of lime used, on an acre basis, and the resulting pH values 
of the soil are shown in Table 6. This soil was placed in pots in 
constant temperature tanks, and one month after the application of 
lime, tobacco seedlings from sterilized soil were set in each pot. 

Table 6. — Effect of soil temperature on the response of tobacco plants to lime in 
the absence of Thielavia basicola 


Average dry weight (grams) per plant and percentage loss or gain in weight 
as a result of liming soil at a temperature of— 


Treatment of soil 
(per acre) 

: 

Soil pH value 

15° 

c. 

18° C. 

21° 

C. 

24° 

C. 

27° 

1 

C. 

30° C. 

Weight 

Loss or 
gain 

Weight 

Loss or 
gain 

Weight 

Lossor 

gain 

Weight 

© a 

Weight 

Lossor 

gain 

© 

£ 

Lossor 

gain 

No lime 

5.6 

1.83 


4. 33 


5. 17 


i 

4. 69 

j 

4.49 


4.08 


2 75 tins lima . - . 

6.0 

1.04 

-43 

3. 11 

-28 

4.99 

-3 

3.44 

-27 

6.04 1 

+35 

5. 97 

+46 

5,5 tons lima 

6.3 

1.05 

-43 

2.37 

-45 

2.76 

-47 

6. 42 

+37 

7. 17 

+59 

6. 49 

+59 

7.0 tons lime 

6.5 

.96 

.-48 

2.00 

-54 

2.90 

-44 

3. 91 

-17 

1 

419 

-7 

6. 78 

+00 
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The average dry weights 
per plant at the end of the 
experiment in each treat- 
ment at each soil tempera- 
ture are recorded in Table 
6 together with the percent- 
age increase or decrease in 
dry weights of plants in each 
lime treatment as compared 
with the weight of plants 
without lime at the same 
temperature. The effects 
of the several treatments on 
growth of plants are also 
shown in Figure 3. 

In the sterilized soil, with 
Th ielairia absent, pi an ts 
grew markedly better with- 
out lime than with lime at 
the lower soil temperatures, 
below 24° C. ; but plants 
grew markedly better with 
lime than without lime at 
the higher soil temperat ures, 
27° and 30° C. (Table 6.) 

After the plants in this 
series were removed, to- 
bacco seedlings were again 
set in the soil without lime 
and in the soil which re- 
ceived lime at the rate of 
2.75 tons per acre. At the 
end of this experiment, the 
dry weights of plants in the 
soil with lime were, as com- 
pared with the dry weights 
of plants in soil without 
lime, as follows: 54 per cent 
less at 15° C., 59 per cent 
less at 18° C., 5 per cent less 
at 2 1 ° C . , 11 per cent less at 
24° C., 39 per cent greater 
at 27° C., and 87 per cent 
greater at 30° C. As in the 
preceding experiment, lime 
at the higher soil tempera- 
tures resulted in plants larg- 
er and at the lower soil tem- 
peratures in plants smaller 
than the plants withou t lime 
at the same temperatures. 

In these experiments, the 
effect of lime m soil without 
Thielavia basicola present 



Figure 3. — Effect of soil temperature on the response of 
tobacco plants to lime in the absence of Thielavia basicola. 
Lime applications (per acre) and soil temperatures are 
indicated in the figure 
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was to increase growth of tobacco at soil temperatures optimum for 
its growth blit to retard the growth of tobacco at lower temperatures. 
The effect of lime on tobacco in soil without this fungus was not un- 
like the effect which lime is known to exert on tobacco with T. basicola 
present. But if tobacco fails to grow at optimum soil temperatures 
in soils limed, even heavily limed, the cause is to be looked for in 
the blackroot-rot fungus]rather J than , Jdireetly in the lime itself. 

The response in the growth of tobacco to the beneficial effect of 
higher soil temperatures was greater with than without lime. 
(Table 6.) In this connection, results secured by Cerighelli ( 5 ) are 
of interest. He found that raising the temperature 10°, or to the 
optimum, increased the growth of roots of peas with calcium present 
but not without calcium. 

No attempt is made to generalize from the results of these experi- 
ments, since the conditions were of course different from those in the 
field; the soil was steam sterilized, no nitrogenous fertilizers were 
applied, and relatively large amounts of lime were used to produce 
the desired changes in the pH value of the soil. It is not unlikely, 
however, that in the field, as in these pot experiments, an application 
of lime beneficial to tobacco at higher soil temperatures would retard 
the growth of this plant at lower soil temperatures. The explanation 
is probably to be found in the relation of lime to nitrification in the 
soil, for, although lime is favorable to nitrification, it is known that 
the decomposition of organic matter which results from liming may 
be accompanied by a loss of nitrogen from the soil if other conditions 
are unfavorable for the formation of nitrates, and one of these unfa- 
vorable conditions is known to be soil temperatures which are too low. 

EFFECTS OF LIME, SOIL DISINFECTION, AND SOIL TEMPERATURE 
ON GROWTH OF TOBACCO PLANTS IN SEED BED 

Since tobacco growers have learned the connection between lime 
and black root rot, few if any of them in this section now apply lime 
to the soil of the seed beds. It was probably applied more generally 
in the past, however, for Garner (£), describing in 1922 the culture of 
Connecticut Havana seed tobacco, mentions the application of lime, 
about 2 tons per acre, to tobacco seed beds (in the fall). 

If lime benefits tobacco in the seed beds, it could of course be used 
without anticipating injury from black root rot in those seed beds 
in which the soil is sterilized. But the seed beds here are planted as 
early in the spring as the frost is out of the ground and when the soil 
temperatures are low. If the soil temperatures in the seed bed were 
for a long period low enough, injury rather than benefit from lime 
would be expected, even in sterilized soil, on the basis of the results 
of the experiments previously described in which lime interfered 
with the growth of tobacco at soil temperatures below 24° C., even 
in the absence of Thielavia basicola. The experiment now to be 
described was undertaken to secure further information as to the 
effect of lime on the growth of tobacco at known soil temperatures 
in the presence and in the absence of that fungus. 

The soil in part of a seed bed was treated according to the standard 
method of soil disinfection with formaldehyde 1 to 50, 2 quarts per 
square foot being used. Two weeks later, one week before seeding, 
agricultural lime (50 per cent CaO) was applied at the rate of 2 tons 
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and of 4 tons per acre to plots in both the disinfected and the non- 
disinfected areas in this seed bed. Tobacco was seeded in all plots 
April 12, 1928. 

By May 16, plants in formaldehyde-treated soil were larger than 
plants in soil without formaldehyde, but there was then no visible 
effect of lime. By May 31 the effect of lime on growth was evident. 
There was a conspicuous lag in the growth of plants on the formalde- 
hyde-treated plot to which lime had been applied. The average 
dry weight of 100 typical plants removed from each plot on this date 
are recorded in Table 7, and the relative sizes of the plants at this 
time are shown in Figure 4. 

Table 7. Effect of soil reaction on growth of tobacco in seed bed at known temper- 
atures , with and without soil disinfection 


Treatment of soil (per aero) 


No disinfection; no lime 

No disinfection; 2 tons lime 

Formaldehyde; no lime 

Formaldehyde; 4 tons lime 

Formaldehyde; 2 tons lime. 



Size of plants, May 31 

Size of plant 

June 14 


Resulting 





Extent of 

pH value 



1 


black root 

of soil 1 

Average 

Relative 

Average j 

Relative 

rot 


dry weight 

weight 2 

dry weight j 

1 

weight 2 



drams 


I 

drains i 

! 


6. 01 * 

4.57 

100 

8.70 1 

100 j 

Moderate* . 

7. on 

1.20 

78 

fi. 80 I 

70 

Seven*. 

f). Of) : 

5. 53 

348 

(i. 10 

70 

Trace. 

<>.00 

2. 14 

130 

5.40 i 

62 

M ild. 

7. 00 

2. 50 

150 

5.60 i 

64 

Do. 


1 Determined eleetroinetrieally, May 12, by means of Youden hydrogen-ion concentration apparatus. 

2 Calculated with average dry weight of plants grown in unlimed, undisiufected soil as a bast*. 


In the absence of lime, plants w r ere more than three times as large 
in the formaldehyde-treated plot as in the plot without formaldehyde. 
In soil to which formaldehyde was not applied, plants were smaller 
w r ith lime than without lime (relative numbers 78 and 100, respec- 
tively). But the harmful effect of lime was relatively much greater 
in soil disinfected with formaldehyde than in soil not so treated. 
In soil treated with formaldehyde the application of lime (2 tons 
per acre) resulted in plants less than half the size of plants without 
lime (dry weights expresses as relative numbers, 159 and 348, 
respectively). 

On May 31 plants from the plot treated with formaldehyde but 
with no lime w T ere large enough to transplant to the field ; but plants 
from the plots not treated with formaldehyde or plants from the 
plots which received both formaldehyde and lime did not become 
large enough to transplant until two weeks later. 

The benefit of formaldehyde, either in inhibiting parasites or in 
directly stimulating plant growth w r as marked up to the end of May, 
after which, with soil temperatures, especially the daily minima, 
higher, plants without formaldehyde grew relatively more rapidly. 
Plants were again removed from each plot two weeks later (on June 
14), air-dried, and weighed. The weights are recorded in Table 7. 
The increases in dry weights at this time, as compared with the dry 
weights of the plants in each treatment two weeks earlier, were as 
follows: No disinfection, no lime, 454 per cent; no disinfection, 2 
tons lime, 439 per cent; formaldehyde, no lime, 10 per cent; 
formaldehyde, 2 tons lime, 124 per cent; formaldehyde, 4 tons lime, 
152 per cent. 
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Ejgvrb 4.— Effects ol lime on growth of tobacco In 
seed bed with and without soil disinfection with 
formaldehyde: A, No disinfection, no lime; B, no 
disinfection, 2 tons lime per acre; C, formaldehyde 
treatment, no lime; D, formaldehyde treatment, 4 
tons lime per acre; E, formaldehyde treatment, 2 
tons lime per acre 


These differences resulted partly 
from the fact that the relatively 
rapid growth characteristic of to- 
bacco plants at a certain age had 
already been made two weeks ear- 
lier by the plants in the formalde- 
hyde-treated plot without lime. 

Roots were examined June 14. 
In the plots without formaldehyde 
treatment, black root rot was a 
real factor; the disease was severe 
with lime and at least moderate 
without lime. There was some 
black root rot in all plots, even in 
those in which the soil received the 
formaldehyde treatment. How- 
ever, there was no more than a 
trace of black root rot on plants in 
the plot with formaldehyde and no 
lime, and the disease was mild in 
formaldehyde-treated plots with 
lime. The formaldehyde was ap- 
plied early in the spring, as is the 
usual practice at this station, and 
the soil was more or less saturated 
with water and packed. Under 
these conditions it is unlikely that 
formaldehyde treatment ever re- 
sults in the complete absence of 
black root rot in a seed bed if the 
soil was infested before treatment. 

A recording thermometer was 
placed in the seed bed and the 
temperature of the soil, at a depth 
of 2 inches, was thereby deter- 
mined, beginning April 12. The 
daily maximum, minimum, and 
hourly mean temperatures so ob- 
tained are graphically expressed 
in Figure 5. 

From April 12 to June 3, the 
hourly mean temperatures of the 
soil in the seed bed were always 
below 24° C., and the daily maxi- 
mum temperatures of the soil were 
often below that point. The hour- 
ly mean temperatures of the soil 
in April were lower than they were 
later in the spring, although in this 
glass-covered seed bed the maxi- 
mum daily temperatures were in 
some cases above 24° C. in April. 
But the daily ranges between 
maximum and minimum soil tem- 
peratures were greatest in April 
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because of the very low minimum soil temperatures in that month 
usually between 7° and 9° C. 

This is the record in a cold and backward spring. (The mean 
hourly temperatures of the air were 2° C. below normal in April and 
1.4° C. below normal in May at Amherst in 1928.) 



Under these conditions of low soil temperatures, the application of 
lime to the soil in the seed bed retarded the growth of tobacco, as it 
had in the pot experiments previously described, even when black 
root rot infection was reduced to no more than a trace by the use of 
formaldehyde. (It should be noted,' however, that the disinfecting 
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effect of formaldehyde was not sufficiently complete to prevent some 
increase in black root rot when lime was applied to a formaldehyde- 
treated plot. It should further be noted that this soil was in no 
apparent need of lime for tobacco in the beginning, since it had an 
initial pH value of 5.96 to 6.01.) 

But the evidence is unfavorable to the application of lime to a 
tobacco seed bed, at least in the spring, even though the soil has 
practically been rid of Thielavia basicola by formaldehyde, for in 
these experiments tobacco plants so treated were two weeks later in 
reaching transplanting size than were plants without lime, with the 
soil temperatures usually below 24° C. 

In another experiment, 6 lime was applied in the spring to the soil 
of a seed bed not sterilized. Growth of tobacco plants in this seed 
bed was not affected by applications of lime up to 1,600 pounds per 
acre. There was no black root rot on any of the plants, but growth 
was retarded by applications of lime at the rate of 2,000 pounds or 
more per acre. 

SUMMARY 

The critical point for black root rot of tobacco on the pH scale was 
affected somewhat by soil temperature. In the soil used there was no 
black root rot or only a trace at any temperature in soil with a pH 
value of 5.6 or lower. Marked injury began at pH 5.7 at 15° C., at 
pH 5.7 or 5.8 at 18° C., at pH 5.8 at 21° and 24° C., and at pH 5.8 
or 5.9 at 27° C. There was little or no injury at 30° C., even in soil 
with pH values of 6.0 to 6.9. 

Black root rot in the less acid soils at pH 5.9 to 6.5, with the soil 
temperature constant, retarded the growth of tobacco plants more 
when they were young than when they were older. Higher soil 
temperatures did not as effectively protect seedlings as they did older 
plants against retardation of growth caused by black root rot. 

The germination of tobacco seeds was not affected by soil reaction 
within a range of soil pH values of 4.6 to 6.6. Soil temperatures 
between 15° and 30° C. had less effect on the percentage of seeds 
germinating than on the length of time required for germination. 

The incubation period for infection of tobacco seedlings by Thielavia 
basicola was two to three weeks under optimum conditions. The 
colder the soil, down to 18° C., and the more nearly neutral the soil 
reaction (as compared to more acid soils) the shorter was the incubation 
period. 

In the growing seasons of 1927 and 1928, the first characterized by 
slightly subnormal air temperatures with approximately normal 
precipitation and the second by normal air temperatures with excessive 
precipitation, the mean hourly temperatures of the soil in a tobacco 
field at Amherst, Mass., were below 24° C., and therefore favorable to 
black root rot in this soil (pH value about 6.0), with the exception of a 
few days in 1927. Under these conditions of soil temperature and 
soil reaction black root rot was sufficiently severe to reduce the yield 
of tobacco 40 per cent in 1927, as compared with the yield in the more 
acid soil of adjoining plots. 


6 This experiment was conducted by J. P. Jones, of the Massachusetts station, who has kindly allowed 
the waiter to use this material, not previously published. 
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In a soil heavily limed and consequently infested with Thielavia 
basicola , the yield of a strain of Havana tobacco susceptible to black 
root rot was 37 per cent less on limed plots than on unlimed plots, but 
the yield of strains resistant to black root rot was not significantly 
less on the limed plots than on the plots not limed, indicating that it 
is this fungus and not lime which is the direct cause of the poor 
growth. 

In the absence of Thielavia basicola, the application of lime to a 
soil did not interfere with the growth of tobacco; on the contrary, it 
increased it. 

The response in the growth of tobacco to certain soil reactions was 
affected by the temperature of the soil, even though Thielavia basicola 
was first eradicated by soil sterilization. Applications of lime which 
benefited tobacco at higher soil temperatures (27° and 30° C.) resulted 
in a retardation in its growth at lower soil temperatures (below 24° C.) 
in both cases as compared with the growth of tobacco without lime 
at the same temperatures. 

In a glass-covered tobacco seed bed the hourly mean temperatures 
of the soil were below 24° C. from April 12 to June 3. Under these 
conditions the application of lime (by which the pH value of the soil 
was changed from 5.9G or 0.01 to 6T90 or 7.00) seriously retarded the 
growth of tobacco, even in soil in which black root-rot infection had 
been reduced to no more than a trace by the earlier formaldehyde 
treatment of the soil. The harmful effect of lime in the seed bed was 
relatively much greater in soil disinfected with formaldehyde than 
in soil not so treated. 
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DEFICIENCY OF MAGNESIUM THE CAUSE OF A 
CHLOROSIS IN CORN 1 


By J. P. Jones 

Research Professor of Agronomy , Massachusetts Agricultural Experiment Station 

INTRODUCTION 

Many investigators have studied the chlorosis of plants and have 
found it to be induced by a number of conditions. If chlorosis, as 
defined by Clinton ( 3 ), 2 is “that unusual state of a green plant in 
which the chlorophyll, through either diseased or limited develop- 
ment, does not possess its normal bright green color, but becomes 
lighter, yellowish-green, or even distinctly yellowish or whitish,” 
the types of chlorosis may be classified as follows: (1) Infectious 
chlorosis, such as the mosaics; (2) hereditary chlorosis, as shown in 
variegated plants; and (3) nutritional chlorosis, or a failure in the 
normal development of chlorophyll attributable to a specific nutrient 
deficiency or to a toxin. 

The chlorosis with which this paper is concerned occurred on 
corn in one of the experimental fields at the Massachusetts Agri- 
cultural Experiment Station, known as North Corn Acre, and was 
first observed about 1920. It had probably been present prior to 
that, time but in a less severe form, and so escaped attention. It 
was not until 1924 that definite work to determine the cause of 
chlorosis was undertaken. Observations up to this time showed 
(1) that no infectious disease was apparent, and (2) that the corn 
grown was inherently normal in color. It therefore appeared 
likely that the chlorosis was of the nutritional type. When the 
work was begun it was designed to attack the problem from the 
nutritional standpoint. This paper reports the results obtained. 

DESCRIPTION OF THE CHLOROSIS 

The symptoms of the chlorosis noted on North Corn Acre were 
manifested early in the season by a striping of the leaf. The striping 
was duo to a differentiation in color of the intervascular and vascular 
tissues. About two weeks after the corn came up the intervascular 
tissue showed a light green color while the vascular tissue was a 
deep green, almost normal color. As the season progressed the 
light green color of the intervascular tissue continued to fade until 
all signs of green disappeared. Before the complete disappearance 
of the green color necrosis set in and the tissue turned yellow to 
yellowish brown and gradually ceased to function as a living part 
of the plant. The vascular tissues persisted in maintaining a green 
color almost until the adjacent tissues were dead, although evidences 
of fading appeared somewhat sooner. In extreme cases both the 
vascular and the intervascular tissues, particularly those near the 
border and tip of the leaf, lost their green color, turned yellowish 
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brown, and dried up prematurely. Illustrations of chlorosis at 
different stages may be seen in Figure 1 . 

Another symptom frequently noted was the bronzing and red- 
dening of the leaves. In the early season this was observed chiefly 
near the margins but later it seemed to disappear. In the late 



Figure 1. — Variation in degree of chlorosis on different corn leaves: A, Extreme chlorosis; B and C, 
medium chlorosis; D, slight chlorosis; E, normal green leaf 


season, however, when the leaves began to mature, many deep-red 
leaves were observed. Whether this is a symptom closely associated 
with the chlorosis in question has not been definitely determined. 

The chlorosis varied in severity among different plants and among 
leaves on the same plant. The bottom leaves seemed to be affected 
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most severely and the upper leaves only slightly. The tips and borders 
of the leaves were generally attacked most severely. The yellowing 
of the inter vascular tissues in the early stages could usually be traced 
from the tip to the base of the leaf blades. The more severe aspects 
of the chlorosis, such as browning and dying of the tissue, were 
usually observed first in the regions near the tip and border of the 
leaf. It was also not uncommon to find plants exhibiting rather 
extreme cases of chlorosis growing within 3 feet of plants of a normal 
green color. The proportion of normal plants in a given area seemed 
to be greatest where the leaves showed only slight injury from 
chlorosis. 

Whether the growth of the corn plant was affected seemed to depend 
upon the severity of the chlorosis. In light cases no visible differences 
in rate of growth were noticeable, but in extreme cases growth was 
reduced. The reduced growth was not especially marked early in 
the season, but in the latter part of the season the chlorotic corn 
grew somewhat more slowly and matured earlier. Even in cases 
where chlorosis was slight earlier maturity was characteristic. 

CONDITIONS UNDER WHICH CHLOROSIS DEVELOPED 

The field on which chlorosis developed had been used for fertilizer 
tests since 1891. Thus the conditions under which the chlorosis of 
the com was brought about can be definitely described from the 
records. 

The soil of North Corn Acre is a fine sandy loam underlaid by a 
gravelly fine sand which varies in depth from 12 to more than 40 
inches. The field is well drained and has been classified as belonging 
to the Merrimac series. The topography is rolling, with a gently 
sloping ridge running diagonally from approximately northeast to 
southwest across the whole field. On this part a considerable amount 
of gravel is found in the surface soil. 

During the period from 1891 to 1920, inclusive, two types of 
fertilizer for corn were being compared. One, commonly known as 
“special corn” fertilizer, was relatively high in phosphoric acid and 
low in potash; the other was relatively low in phosphoric acid and 
high in potash. For the purpose of this experiment North Corn Acre 
was divided into four plots, each one-fourth acre in size. Plots 1 
and 3 received the special corn fertilizer and plots 2 and 4 received 
the fertilizer high in potash. The average annual application (1891 to 
1920, inclusive) of nutrients furnished by the two fertilizers is shown in 
Table 1. Plot 4 received the same treatment as plot 2, except that 
from 1907 to 1918 inclusive an addition of 400 pounds of basic slag 
was applied annually, which accounts for the high average of P 2 0 5 
shown in Table 1 for plot 4. 

The materials used to furnish the nutrients varied from time to time, 
the reason probably being the changes in the market supply that would 
normally occur during so long a period. As a source of nitrogen, 
nitrate of soda was used from 1891 to 1895 inclusive; and, with the 
exception of a small amount of sulphate of ammonia used in 1919 and 
1920, nitrate of soda, dried blood, and fish were employed from 1896 
to 1920 inclusive. The phosphoric acid was furnished by dissolved 
bone black from 1891 to 1895 inclusive, and by superphosphate (acid 
phosphate) and fish from 1896 to 1920 inclusive. Except in 1919 
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and 1920, when Nebraska potash was used, muriate of potash fur- 
nished the potash for the entire period from 1891 to 1920 inclusive. 
In spite of these variations in materials, the original purpose of com- 
paring the two types of fertilizer was adhered to until 1921. 


Table 1 .- — Quantity of nutrients and fertilizers applied annually to the different 
plots in North Corn Acre from 1891 to 1928, inclusive 


Plot No. 

Nutrients applied 1891 to 1920, 
inclusive, expressed in aver- 
age pounds per acre 

Fertilizers applied 1921 to 1928 expressed in 
average pounds per acre 

NIL 

P 2 0 6 

k 2 o 

Nitrate 
of soda 

Fish 

Superphos- 
phate (acid 
phosphate) 

Muriate 
of potash 

1 

.50 

156 

58 

120 

360 


150 

2 

.50 

56 

120 

200 

200 

200 

2.50 

3. . .. . 

.50 

156 

58 

120 

360 

1,092 

150 

4 

50 

81 

120 

; 200 

200 

200 



Except in 1891 and 1892, when millet was planted on plots 3 and 4, 
corn was grown on all plots from 1891 to 1896, inclusive. In 1897 the 
cropping system was changed* to two successive years of hay — a 
mixture of timothy, red top, and clover — and then two successive 
years of corn. The hay mixture was seeded the second year in the 
corn. This cropping system has been used without change up to the 
present time. 

No manure was applied during the entire period of the tests. 
Lime was used in 1900 at the rate of 1 ton per acre of air-slaked lime, 
in 1907 at the rate of 1 ton per acre of agricultural lime, and in 1921 
at the rate of 2 tons per acre of ground limestone, but only on the 
north half of the plots. 

The comparison between the two types of fertilizer revealed very 
little difference in response as measured by the yields of corn and hay. 
The average yields per acre of the crops grown up to 1921 were, for 
plots 1 and 3, 63.88 bushels of corn and 3,993 pounds of hay; for plots 
2 and 4, 62.20 bushels of corn and 4,229 pounds of hay. These yields 
are based on field weights rather than on a dry basis. In view of the 
variability of the data, little significance can be attached to these 
differences in yields. Part of this variability is believed to have been 
due to the manner in which variation in rainfall affects the different 
plots. During a dry season crops on the section of the plots through 
which the ridge runs suffer severely, the different plots being un- 
equally affected. Probably in some seasons the environmental 
variation was of greater significance than the difference in treatments. 

HYPOTHESES TO ACCOUNT FOR DEVELOPMENT OF CHLOROSIS 

In considering the cause of the chlorosis from the nutritional stand- 
point, two factors seemed to deserve first consideration: (1) The 
presence in the soil of an excess of soluble aluminum and (2) the lack of 
magnesium. 

ALUMINUM TOXICITY 

Preliminary observations showed that the com growing on the 
half of the field limed in 1921 was less severely affected by chlorosis 
than that on the unlimed half. This pointed definitely to the con- 
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elusion that lime was capable of overcoming chlorosis, and furnished 
the basis for suspecting that aluminum toxicity was involved. 

When Abbott, Connor, and Smalley ( 1 ) first noted poor crop yields 
associated with an excess of soluble aluminum salts they found ap- 
plications of pulverized limestone under field conditions to be an 
effective remedy. The later work of Hartwell and Pember (5), 
Mirasol (11), and Burgess and Pember (2) showed superphosphate 
to have a capacity similar to that of lime in counteracting the depress- 
ing effects of aluminum. Their work indicated that for practical 
purposes moderate applications of lime and superphosphate were 
more effective than either alone in correcting the acidity of soils 
containing large amounts of active aluminum. If aluminum were a 
factor in causing the chlorosis on North Corn Acre, these results 
suggest that the chlorosis should have been less severe on plots 1 and 3, 
which received the high applications of superphosphate. (Table 1.) 
Preliminary observations, however, did not indicate any lessening of 
the chlorosis associated with the high superphosphate treatments. 

Burgess and Pember (2) have classified certain crop plants accord- 
ing to their resistance to aluminum toxicity. In their classification 
corn is rated as very resistant, being capable of normal growth on soil 
having a pH value below 5.3 and an active aluminum content above 
500 parts per million of dry soil. Magistad (10), working with nutrient 
solutions, showed that toxicity of aluminum to the corn plant varied 
with the pH, at pH 4 the toxic effect was very severe, while at pH 6.4 
it was slight. The preliminary field observations indicated that the 
chlorosis appeared on soil having a pH value between 5 and 5.4. 

Hoffer (6) has reported that aluminum salts are especially effective 
in plugging the vascular bundles of the corn plant. He also described 
the manner in which aluminum affected the foliage. The leaves 
first showed a slight yellowing of the intervascular tissue, resulting 
in a yellow streaked appearance, then a water-soaked effect, and 
finally in necrosis. These observations are quite similar to those 
recorded for the corn leaves on North Corn Acre. However, there was 
no evidence that the nodal tissue of the corn was destroyed as Hoffer 
(6*) observed in cases of severe aluminum injury. 

MAGNESIUM DEFICIENCY 

Magnesium, being a constituent of chlorophyll and necessary for 
normal green color in plants, was suspected of being deficient in 
the soil on North Corn Acre and therefore a possible cause of the 
chlorosis. Garner and his associates (4) found that sand drown, a 
chlorosis of tobacco, resulted from a deficiency of magnesium in 
certain soils of the South and of the Connecticut Valley. They 
stated that applications of cottonseed meal, barnyard manure, 
tobacco stalks, and tobacco stems were effective in controlling sand 
drown. The effectiveness of these materials was explained as due to 
the magnesium which they contained. As mentioned above, the 
fertilizers used on North Corn Acre were practically free of magnesi- 
um. No barnyard manure or vegetable organic fertilizer has been 
applied in 37 years. The finding of sand drown on tobacco in the 
Connecticut Valley, in spite of the fact that it has been the practice 
to fertilize to a limited extent with barnyard manure and vegetable 
organic materials for many years, strongly supported the suspicion 
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that a magnesium deficiency existed on North Corn Acre. This 
evidence seemed particularly suggestive when it was recognized that 
the soil on this field is quite similar to that on which much of the 
tobacco is grown. 

On North Corn Acre, as noted above, lime was effective in reducing 
chlorosis. The records showed that the lime used contained about 
5 per cent magnesium oxide. Garner and his coworkers claim that 
liming the soil even with fairly pure limestone should prevent the 
sand-drown type of chlorosis. In field experiments in North Caro- 
lina ( 8 ) the yield and quality of tobacco have been improved by 
treating the soil with magnesian limestone. 

METHOD OF PROCEDURE 

The method of procedure was developed to determine whether lime 
prevented chlorosis through counteracting soluble aluminum or 
through furnishing needed magnesium. Field work was supple- 
mented by greenhouse and chemical studies. 

FIELD STUDIES 

RESIDUAL VALUE OF PHOSPHORIC ACID AND POTASH IN THE SOIL 

In 1921 the old objective of the North Corn Acre experiment — to 
compare two different fertilizers for corn — was abandoned. In its 
place was substituted an attempt to observe the residual value of the 
previous high applications of phosphoric acid and potash. This was 
done by omitting superphosphate from the fertilizer applied to plot 1. 
The residual influence of the superphosphate was expected to be shown 
by a comparison of plot 1 with plot 3, on which the original high 
applications of superphosphate were continued. In like manner 
potash was omitted from the fertilizer treatment on plot 4 with the 
expectation that a comparison with the continued high applications 
on plot 2 would show the residual effects of the many years of high 
potash treatment. The annual fertilizer applications from 1921 to 
1928, inclusive, are shown in Table 1. 

In Table 2 have been included data bearing on the residual value 
of the long treatment with both high potash and superphosphate. 
No yield records are given for 1928 because wireworm injury on certain 
areas so affected the yields that they can not be considered to repre- 
sent the effects of the treatments reliably. The records for hay were 
also omitted because hay was grown in 1921 and 1922 immediately 
after the omission of superphosphate and potash from the treatments 
of plots 1 and 4, and no evidence of a shortage of these fertilizers was 
noted. In 1925 and 1926, when hay again occupied the field, the 
dry weather during the growing season affected the growth to such an 
extent that no yield records were taken. 

It is apparent from Table 2 that the omission of the superphos- 
phate from the fertilizer treatment on plot 1 did not affect the yield 
of either the com or the stover. This may be taken to indicate that 
phosphoric acid (P2O5) applied at the rate of about 156 pounds per 
acre annually for 30 years in a rotation of corn and hay builds up a 
substantial residuum in the soil. On this field it was sufficient to 
maintain the yield of corn and stover for at least 7 years. 
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On the other hand, Table 2 reveals that an application of 120 pounds 
of potash (K 2 0) per acre for 30 years did not permit a very large 
accumulation. However, the accumulation was sufficient to main- 
tain the yield of corn on plot 4 the third year after the potash was 
left out of the fertilizer application. In the fourth and seventh 
years plot 4 as compared with plot 2 where the original high potash 
treatment was continued showed a decline in yield of corn of about 
13 per cent. No consistent decline in yield of stover was apparent. 

Table 2. — Residual effect of phosphorus and potash on the yield per acre of corn 

and stover 

(Dry weight basis) 




! Yield 

in 1923 

Yield 

in 1924 

Yield 

n 1927 

Average yield 


Plot No. 

i Corn 

i Stover 

Corn 

j Stover 

Corn 

Stover 

Corn 

Stover 

I... 


Bushels 
_ _ _ j 35. 0 

i Pounds 

I 2,300 

Bushels 
34. 0 

| Pounds 
| 1,785 

Bushels 
40. 2 

| Pounds 
2,020 

Bushels 
30. 0 

Pounds 

2, 059 

:l.. 


_ . _ i 30 . 9 

; 2, 092 

33.2 

| 2, 184 

43. 2 

1 1,921 

37. 8 

2,066 

2- . 


. . . ! 30. 3 

1 2,389 

31. 1 

; 1,053 

3(5. 8 

1,801 1 

32. 7 

1,968 

4 . . 


. 32.5 

_ i ___ 

j 2, 044 : 

27. 1 

; 1, 738 

32. 1 

1,081 j 

30.0 

1,821 


EFFECT OF LIME AND MAGNESIUM ON THE DEVELOPMENT OF CHLOROSIS 

Cross treatments of the plots on which the residual effects of 
phosphoric acid and potash were being studied were made to com- 
pare the influence of magnesium and lime on the chlorosis of corn. 
Figure 2 shows the plan of the field. The numbers employed refer 
to the plots as they were laid out in 1891 and the letters to the cross 
treatments. Magnesium sulphate was applied in the spring of 1924 
and 1927 at the rate of 200 pounds per acre and in 1928 at the rate 
of 400 pounds per acre. This gave cross treatments as follows: 
Section A, 2 tons of ground limestone per acre applied in 1921; 
section B, 2 tons of ground limestone applied in 1921 plus magnesium 
sulphate at the rates noted above; section C, magnesium sulphate at 
the same rate as on section B ; section D, check, no lime or magnesium 
sulphate. 

To determine the effects of the cross treatments on chlorosis, 
counts were made of what were recognized in the field as normal hills 
and as slightly, medially, and extremely chlorotic hills. For the 
normal hills only those entirely free of the typical chlorosis were 
counted. The attempt to classify the chlorosis into slight, medium, 
and extreme cases was based largely upon the judgment of the 
observer, and the line of demarcation between these groups can not 
be considered as accurate as that between the normal and chlorotic 
groups. The classification does, however, afford a basis for estimat- 
ing the severity of the chlorosis. 

In Table 3 the observations for 1924, 1927, and 1928 are recorded. 
Considering first the results for 1924, it will be noted that practically 
no chlorosis occurred on sections A and B on any of the plots. Such 
as did occur was rated as slight and probably would not be noticed 
under practical conditions. It will be recalled that A and B both 
received lime iff 1921 and B magnesium sulphate in 1924. These 
records are in accord with the preliminary observations which showed 
that chlorosis was not very apparent on the limed area. 
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On section C, which received the magnesium sulphate treatment, 
the proportion of normal hills was somewhat smaller than on the 
limed area. Except on plot 2, where 12.38 per cent of medially 
chlorotic hills was noted, the chlorosis was rated as slight. In 
comparison with section D, which received neither lime nor magnesium 
sulphate, the treatment on section C seems to have been very effec- 
tive. This is manifested both by the greater proportion of normal 
hills on each plot and by the milder form of the chlorosis. 

The magnesium sulphate treatment was made about 10 days before 
the corn was planted. Magnesium sulphate may not have been applied 

in a quantity large 
enough or it may not 
have become suffici- 
ently mixed through 
the soil to supply the 
amount of magne- 
sium needed to com- 
pletely overcome the 
chlorosis. It is a com- 
mon observation that 
magnesium sulphate 
applied to soil per- 
sists in coming to the 
surface. Thus, not 
enough may have 
been available to the 
roots in all cases . The 
evidence for 1924, 
however, indicated 
that the magnesium 
Figure 2.— Plan of North Corn Acre, the field used for the study of sulphate performed a 
chlorosis; dimensions 214 by 203.5 feet; size of plots one-sixteenth function similar to 
acre. Sections A and B were limed in 1921 at the rate of 2 tons - . , 

per acre; sections B and C had MgSO< applied at the rate of 200 tliat Ol lime in teild- 
pounds per acre in 1924 and 1927, and at the rate of 400 pounds per jj^cr to eliminate the 
acre in 1928; section D received neither lime nor MgSO<. The i | * 

fertilizer treatment of plots 1, 2, 3, and 4 Is shown in Table 1 CnlOrOSlS. 

Table 3. — Percentage of normal and chlorotic corn hills in the various plots of 
North Corn Acre in 1924, 1927 , and 1928 

1927 1928 

Chlorotic hills | Chlorotic hills 

. Nor- 

| mal 

Slichtlv Medl- Ex- hills 

Slightly; ally tremely 

1.67 I 0 0 77.40 

2. 08 0 0 97. 12 

15.42 0 0 97.12 

38.33 31.67 15.83 6.25 

7. 08 0 0 75. 38 

2. 92 0 0 98. 50 

17. 23 0 0 98.08 

12.29 26.27 58.47 5.80, 

5. 88 0 0 82. 21 

3.75 0 0 94.23 

7. 11 0 0 98.66 

58.33 9.17 .42 6.76 

2.09 0 0 96.15 

. 83 0 0 96. 64 

2. 92 0 0 97. 09 

54. 81 14. 23 . 84 20. 67 


Slightly 

Medi- 

ally 

Ex- 

tremely 

22.60 

0 

0 

2.88 

0 

0 

2.88 

0 

0 

16.83 

27. 88 

49. 04 

21.61 

3. 01 

0 

1.50 

0 

0 

1.92 

0 

0 

16. 91 

i 29.95 

47. 34 

16. 83 

.96 

0 

5. 77 

o 

! 0 

1.44 

o 

0 

38. 65 

1 42. 51 

12. 08 

3.85 

1 o 

0 

3.36 

1 o 

0 

2. 91 

0 

0 

36. 95 

13.79 

28. 57 


1924 


Plot No. 

Nor- 

Chlorotic hills 

Nor- 


mal 

hills 

Slightly 

Medi- 

ally 

Ex- 

tremely 

mal 

hills 

1A 

99. 56 

0. 44 

0 

0 

98. 33 

IB 

99.52 

.48 

0 

0 

97. 92 

1C 

80.86 

19. 14 

0 

0 

84. 85 

ID 

31. 43 

48. 57 

17. 62 

2.38 

14. 17 

2 A 

98.66 

1.34 

0 

0 

92. 92 

2B 

99.05 

.95 

0 

0 

97.08 

20 

51.91 

35. 71 

12. 38 

0 

82. 77 

2D 

11.49 

22. 01 

45. 45 

21. 05 

2. 97 

3A„ + 

99. 55 

.45 

0* 

0 

94. 12 

3Bw, 

98. 65 

1.46 

0 

0 

96. 25 

30 ....... 

86. 12 

13.88 

0 

0 

92.89 

3D.. 

17. 62 

60.48 

30. 47 

1.43 

32.08 

4 A . 

96.64 

3. 36 

0 

0 

97.91 

4B. 

95. 11 

4.89 

0 

0 

99. 17 

40.. 

90.22 

9.78 

0 

0 

97.08 

4D , 

78. 12 ’ 

20.54 

1.34 1 

1 0 

30. 12 
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After the 1924 experiments corn was not again grown until 1927. 
In 1925 and 1926, when hay was grown, no magnesium was applied. 
The observations on chlorosis made in 1927 are shown in Table 3. The 
treatments with lime alone and with a combination of lime and mag- 
nesium sulphate were both effective in controlling chlorosis. On plots 
3C and 4C the magnesium sulphate treatment was practically as 
effective as where it was applied in the limed area. On all the plots 
magnesium sulphate controlled chlorosis better than in 1924. This 
was evidenced by a greater percentage of normal hills and a less severe 
type of chlorosis. On the other hand, the chlorosis on section D, with 
the exception of that on plot 3D, was more prevalent in 1927 than in 
1924 and was also more severe. 

Corn was grown again in 1928, and the effects of the various treat- 
ments on chlorosis are shown in Table 3. It should be recalled at 
this point that 400 pounds of magnesium sulphate per acre were 
applied to sections B and C. Magnesium sulphate practically elimi- 
nated the chlorosis, a fact outstanding in the table. It was fully as 
effective when applied alone as when added to the limed area, and was 
more effective than lime alone. In 1928 the percentage of normal 
hills on section A was smaller than in 1924 and 1927. This may 
mean that the lime was no longer m effective in controlling the chloro- 
sis as it was in the earlier years following its application. On section 
D, with the exception of plot 2D, where chlorosis was about as bad, 
there were fewer normal hills and a larger proportion of extremely 
chlorotic hills in 1928 than in 1927. 

In 1928 two rows of tobacco were planted with the corn through 
each plot to check further the magnesium hypothesis. This was 
done because the writer was not familiar with the symptoms of 
magnesium hunger on corn but was somewhat acquainted with them 
on tobacco, and it was thought that the behavior of the tobacco, with 
reference to the cross treatments which had proved successful in 
controlling chlorosis of corn, might afford a means of distinguish- 
ing between the effects of the lime and magnesium sulphate. 

On section D of every plot typical sand drown was noted on many 
of the tobacco plants within two weeks after they were set. It is 
unusual to find this type of chlorosis so early in the season, particu- 
larly when it is considered that the fertilizer used for the tobacco car- 
ried cottonseed meal in quantity equivalent to about 1,100 pounds per 
acre. Garner and his associates ( 4 ) had found in their experiments 
that about half this amount of cottonseed meal decidedly reduced sand 
drown. The tobacco on section D, however, showed a very severe 
case of sand drown, and by the end of the season scarcely a leaf on any 
of the plants in the entire section was free of it. 

Sand drown of tobacco and chlorosis of corn both responded to the 
same treatments. On sections B and C, where the chlorosis was 
reduced to a minimum by the magnesuim sulphate treatment, the 
tobacco showed no evidence of sand drown. The line of demarcation 
between the plots on sections C and D could easily be distinguished by 
the absence of sand drown and chlorosis in the one case and their 

f presence in the other. On section A there was evidence, similar to that 
or chlorosis on the corn, that the lime was not controlling the sand 
drown. Table 4 shows that 28.08 per cent of the tobacco plants were 
affected by sand drown. 
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If the records of Table 4 are compared with those of Table 3 it is 
evident that a correlation exists between the effect of magnesium 
sulphate on chlorosis of corn and on sand drown of tobacco. Since 
sand drown has already been proved to be due to a deficiency of mag- 
nesium, this correlation suggests very strongly that the lack of mag- 
nesia is the cause of chlorosis on the corn. 


Table 4. — Percentage of tobacco plants free of and affected by sand drown when 
planted on North Corn Acre in 1928 


Plot 

N ormal 
plants 

Plants affected by 
sand drown 

Medially J Extremely 

Plot 

N ormal 
plants 

Plants affected by 
sand drown 

1 

Medially j Extremely 

1 A 

54. 39 

45.61 

0 

3 A 

63. 10 

36.84 

0 


I 100. 00 

0 

0 

B 

100. 00 

0 

0 



100. 00 

0 

0 

C 

100.00 

0 

0 

D 

3. 39 

8. 48 

88. 13 

D 

0 

12. 73 

87. 27 

2A __J 

94.04 

5. 36 

0 

4 A 

75. 47 

24. 53 

0 

B. _ 

100.00 

0 

0 

; B. 

100.00 

0 

0 

C ...J 

100.00 ; 

0 

0 

; C.._ 

100. 00 

0 

0 

D ! 

1 

11.86 

37.29 

50. 85 

1) 

0 

12. 73 

87. 27 


Table 5 gives a summary showing the variation by years in the 
total percentage of chlorosis. The severity of the disease is disre- 
garded here, but the figures accurately represent the proportion of the 
corn affected. On section D the tendency has been for the chlorosis 
to increase each year. On section C, where magnesium sulphate was 
added, the tendency has been just the reverse, the smallest percentage 
of chlorotic hills occurring the third year, 1928. Where both lime 
and magnesium sulphate were used (section B) chlorosis was controlled 
about equally each year. On section A, where lime alone was used, 
chlorosis was held in check in 1924 and 1927, but in 1928 there was 
evidence that the effectiveness of the lime was much reduced. 



These variations in chlorosis with the different seasons are inter- 
esting in connection .with the precipitation records shown in Table 6. 
It has been a common observation that, when fertilization is the same, 
sand drown is more prevalent in seasons of excessive rainfall than in 
seasons of light rainfall. Table 6 shows that the rainfall for the 
growing seasons of 1927 and 1928 was about two and three times, re- 
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spectively, that of 1924. It also shows that about 27 per cent of the 
total rainfall occurred during the growing season of 1924, 35 per cent 
during that of 1927, and 59 per cent during that of 1928. 

Table 6. — Inches of rainfall during the growing reason on North Corn Acre in 

1924, 1927 , and 1928 


Rainfall in — 


Month 


May 

June , 

July 

August _ 

Total,..- 

Total precipitation for the year. 



1924 

1927 

1928 

2.2, 

4. 83 

3. 26 

1 1. 28 

3. 37 

0.97 

! 1. 75 

3. ■10 

0. 23 

3. 11 

r,m 

| 8.40 

8. 35 

10. 01 

24. 85 

30. 90 

40.96 

42. 00 

1 


Chlorosis on section D, where no cross treatment of magnesium 
was made, increased each year. This increase is correlated with the 
increase in rainfall. In 1928, when the rainfall was heaviest, the 
chlorosis was most severe. Observations on tobacco grown in the 
Connecticut Valley showed practically no sand drown in 1924, some- 
what more in 1927, while in 1928 it could be found in almost every 
field. Garner and his associates (4) also recognized that sand drown 
is more widespread in seasons of heavy rainfall. It therefore seems 
that a relation exists between the manner in which excessive rainfall 
during the growing season affects chlorosis and the manner in which 
it affects sand drown. This relation would seem to indicate that the 
chlorosis was caused by the same deficiency as sand drown. 

EFFECT OF DIFFERENT FERTILIZERS ON THE DEVELOPMENT OF CHLOROSIS 

Reference to Table 1 will show the annual fertilizer treatments 
received by the different plots from 1921 to 1928, inclusive Prior to 
1921 plots 1 and 3 had been duplicates, but since 1921 the high phos- 
phoric acid treatment has been discontinued on plot 1. Until 1921 
the only difference between the fertilizer treatment of plots 2 and 4 
was that plot 4 received annually, from 1907 to 1918 inclusive, 400 
pounds of basic slag per acre, but since 1921 the high potash has 
been omitted from the treatment of plot 4. 

On section D, where there has been no cross treatment, it is possible 
to compare the influence of the fertilizers on the development of 
chlorosis. Table 7 shows the relative amounts of chlorosis in 1924, 
1927, and 1928 by plots for section D. The outstanding fact revealed 
by this table is that chlorosis was present on all plots regardless of the 
fertilizer used. On plot ID, where phosphorus was omitted, there 
was apparently less chlorosis in 1924 than on plot 3D, where the 
original high phosphorus treatments were continued, but in 1927 the 
reverse was true. In 1928 these two plots had about the same amount 
of chlorosis. Plot 2D, where the high potash treatment was contin- 
ued has shown consistently a larger proportion of chlorotic hills than 
plot 4D, where the potash treatment was discontinued. In the data 
presented above it was shown that both magnesium and lime treat- 
ments were curatives for the chlorosis . The basic slag used on plot 
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4 for 12 years carried both lime and magnesium. This may account 
for the reduced amount of chlorosis on plot 4D as compared with 
that on other plots. So far as plots 1, 2, and 3 are concerned, there 
is not enough consistency in the data to show that the different 
fertilizers used have influenced the proportion of chlorotic hills. In 
1928, when conditions were most favorable for chlorosis, these three 
plots were almost identical so far as the number of chlorotic hills was 
concerned. 

Except in plot 4, where some magnesium and lime were added in 
the form of basic slag, it can be said that the development of chlorosis 
was independent of the fertilizers used. If, as suspected at the begin- 
ning of the experiment, chlorosis was due to aluminum toxicity the 
proportion of chlorotic hills should have been reduced by the high 
applications of phosphorus; but since the amount of chlorosis seemed 
to be about as large on the high phosphorus as on the other plots the 
aluminum hypothesis appears untenable. 

Table 7. — Influence of different fertilizer treatments on the chlorosis of corn in 
section D of North Corn Acre 



Chlorotic hills occurring 



Chlorotic hills occurring 


Plot 


in— 


Average 

Plot 


in — 


Average 

1924 

1927 

1928 


1924 

1927 

1928 


Per cent 

Per cent 

Percent 

Per cent 

* 

1 Per cent 

Per cent 

Per cent 

Per cent 

ID 

68.57 

85.83 

93.75 

82. 72 

3D 

! 82.38 

67. 92 

93. 24 

| 81. 18 

2D. 

88. 51 

97.03 

94. 20 

93. 25 

4D 

j 21.88 

69.88 

79. 31 

57. 02 




EFFECT OF CHLOROSIS ON YIELD 

In Table 8 are presented figures which show the effect of chlorosis 
on the yield of corn. In compiling the figures four plots were aver- 
aged in each case to obtain the yield per acre for the different sections. 
In 1928, however, because of wireworm injury on certain sections of 
the field, only the yield records for those plots where the injury was 
slight were included. Even with this precaution the yields indicate 
that the amount of replanting made necessary by the wireworm injury, 
particularly on sections B and C, should be considered. Except in 
1928, sections A, B, and C are very close in yield of both corn and 
stover. Section D each year has consistently yielded less of both corn 
and stover than the other sections. Considering the average yield of 
corn for sections A, B, and C as compared with that for section D, 
they outyielded the latter by about 21 per cent in 1924, 6 per cent in 
1927, and 34 per cent in 1928. If stover is considered similarly, the 
differences are 7 per cent for 1924, 4* per cent for 1927, and ifi per 
cent for 1928. 

The average percentage of chlorotic hills for sections A, B, and C 
varied from 2.57 to 11.89. It should be recalled that section A 
received the lime treatment, section B the lime plus magnesium 
sulphate, section C the magnesium sulphate alone, and that section D 
was reserved as a check. It is evident from Table 8 that the chlorosis 
did hot appreciably affect the yield of corn or stover when the chlorosis 
was controlled as it was on sections A, B, and C. On section D, 
however, where the average percentage of chlorotic hills reached 
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78.57 per cent, there was a depression in yield. The corn yields 
appeared to be more severely affected than the stover yields. These 
data suggest that chlorosis, though manifesting itself mostly on the 
foliage of the corn plant, does not affect the growth of the plant as 
much as might he expected. The major effect of chlorosis was on the 
production of seed. 

Table 8 . — Effect of chlorosis on the. yield per acre of grain and stover 
[Dry wright basis] 

Yield in— 1 


A verage 


Section 

1924 

1927 

1928 

ver age 

Chloro- 
tic hills 


Corn 

Stover 

Corn 

Stover 

Corn 

Stover 

Corn 

Stover 



Bushels 

Pounds 

Bushels 

Pou nds 

Bushels 

Pounds 

Bushels 

Pounds 

Per cent 

A 

33. 5 

1,804 

38. 5 

1,901 

37.0 

2, 1 12 

36. 3 

1 , 959 

7.60 

H 

33. 9 

1,945 

37.7 

1,785 

32. ft 

1,879 

34.7 

1,870 

2. 57 

C. 

31.4 

1,826 | 

i 39. 6 j 

1,980 

31.4 j 

1,828 

34. 1 

1,878 

1 1 . 89 

1) 

27. 2 1 

. 

1,749 ! 

I ! 

36.4 

1,820 

25.0 

1,676 j 

29. 5 

1,748 i 

78. 54 


GREENHOUSE STUDIES 

In the above discussion of field work it was evident that both lime 
and magnesium sulphate possessed the ability to control the chlorosis. 
In the greenhouse, an attempt was made to determine whether the 
effect of the lime was due to its ability to counteract aluminum toxicity 
or to the magnesium it contained. Soil was taken from the section of 
the field showing the highest percentage of chlorotic corn hills, placed 
in pots, and fertilized uniformly with a complete fertilizer free of 
magnesium. The fertilizer applications and the treatments shown in 
Table 9 were made on January 12 and the corn was planted on January 
26. The soil was maintained at a uniform moisture content while the 
corn was growing. The corn was thinned to two stalks per pot. On 
April 18 the crop was harvested. 

Table 9 . — Influence of different fertilizer treatments on the yield and extent of 
chlorosis of corn grown in the greenhouse 


Pot No. 


Treatment per acre 


Yieki 

of dry Extent of 

matter chlorosis 

I>or pot 


1-4. . 

5 - 8 .- 

9-12. 

13-16,. ...... 

17-20 

21-24 

2.5-28 

29-32 


400 pounds MgSOi "H 2 O 

800 pounds MgSO< 7HjO 
1,200 pounds MgSOt 711 aO. . . 

Check 

2 tons agricultural lime •_ ... 

2 tons C. P. Cat' Os - - 

1.000 pounds superphosphate . 

2.000 pounds superphosphate. 


Gra ms . 

40.48 | None. 

38.49 I l)o 

33. 10 i Do 

29. 15 Extreme. 

30. 15 Slight . 
23.83 I Extreme. 

33.11 ; Do. 

32.49 I Do. 


* Contained 5 per cent MgO. 

In Table 9 are recorded the yield of dry matter per pot and notes 
on the appearance of the corn with reference to chlorosis. Where 
magnesium sulphate at the rate of 400 and 800 pounds per acre was 
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used the yields were highest and the corn was free of chlorosis. Where 
magnesium sulphate at the rate of 1,200 pounds per acre was used the 
yield was not quite so good as where the smaller amounts were applied, 
but no chlorosis was noted. The smallest yields were obtained on the 
check pots and on those receiving the chemically pure calcium carbo- 
nate. The yield from the pots that received agricultural lime was 
very similar to that from the pots that received superphosphate. 
However, with only four replications the differences are in most 
cases too small to interpret with confidence. 

The effect of the treatments on chlorosis were much more clear cut 
than on the yields. The first notable feature was that both magne- 
sium sulphate and agricultural lime counteracted the chlorosis just as 
they did in the field. That a slight amount of chlorosis appeared 



Figure 3.— The comparative effect of magnesium sulphate and superphosphate as preventives of 
chlorosis in corn grown on soil from fields which produced chlorotic corn: A. Magnesium sulphate 
was applied to the soil in this pot at the rate of 400 pounds to the acre; B, superphosphate was 
applied at, the rate of 2 tons per acre 

where the agricultural lime was used was attributed to the fact that 
the lime had had only about 14 days in which to become thoroughly 
mixed in the soil before the corn was planted. This was probably not 
long enough for the magnesium in the lime to become adequately 
available. Where the chemically pure lime (fig. 4) was used chlorosis 
was extreme. It was also extreme where the different amounts of 
superphosphate (fig. 3) were used. These results were interpreted as 
supporting the field observations and showing quite definitely that 
the ability of the lime to reduce chlorosis was due to the magnesium 
it contained, and not to any effect on aluminum toxicity. If the 
chlorosis were due. to aluminum toxicity, the superphosphate and 
chemically pure lime treatments should ‘have reduced the chlorosis 
just as much as did the agricultural lime. It would also be necessary 
to consider magnesium an antidote for aluminum poisoning, but for 
this there is no experimental support. 




Dec. 1, 1929 


Chlorosis in Corn 


887 


To check further the aluminum hypothesis, lettuce, an aluminum- 
sensitive crop, was grown in pots of two kinds of soil. The first of 
these soils produced extremely chlorotic corn in the field while the 
second produced corn practically free of chlorosis. In pots the corn 
behaved exactly as it did in the fields. The growth of lettuce on these 
two soils was similar and showed no evidence of aluminum injury. 
The average dry yield of lettuce per pot of three plants for the first 
soil was 8.158 gin. and for the second 7.509 gin., giving a difference of 
0.649 gm. In view of the variations among the pots this difference 
was considered insignificant. 

Another point bearing on the aluminum hypothesis was the fact 
that the soil on which the extremely chlorotic corn was produced has 
a pH value of 5.4. Jn view of the work of Burgess and Pember, such 
a soil reaction would hardly be expected to be associated with sufficient 



Figure 4. The comparative effect of magnesium sulphate and chemically pure lime as preventives 

of chlorosis in corn grown on soil from fields which produced chlorotic corn: A, Magnesium sul- 
phate was applied to the soil in this pot at the rate of 400 pounds per acre; B, chemically pure 
calcium carbonate was applied at the rate of 2 tons per acre 

active aluminum to affect a plant so resistant as corn. The limed 
area of the field had a pH value of 6.1. 

CHEMICAL STUDIES 

When the chlorosis studies were first undertaken an attempt was 
made to obtain evidence on the aluminum hypothesis by chemical 
analysis of the plant. From the 1924 crop samples of corn showing 
slight, medial, and extreme chlorosis were taken. Iron and aluminum 
determinations were made on the roots and stalks. Iloffer ( 6 ) has 
called attention to the fact that when aluminum is available in the 
soil it will accumulate in the stalks of corn, particularly in the vascular 
plate tissue of the node. His results also indicated a rclatidh between 
the aluminum content of stalks and injury due to corn root rots. 

82307 — 29 G 
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It was because of this work that the first chemical studies were con- 
fined to the stalk and roots. The removal of soil from the roots was 
not so easily accomplished *is might have been desired. Although 
every precaution was taken to clean the roots, when the sample was 
ground there was evidence that a slight amount of soil was included. 

In Table 10 are presented the results of the chemical analyses. 
The iron determinations on the stalks show no significant differences 
between the normal and the chlorotic plants. There appears, how- 
ever, to be more iron in the roots than in the stalks, but this difference 
might possibly be accounted for by the small amount of soil unavoid- 
ably included in the sample. However, if this explanation is correct 
there should also be more aluminum in the roots than in the stalks, 
.and such is not consistently the case. 

The aluminum determinations showed higher amounts in the 
normal than in the chlorotic plants for both the stalks and the roots. 
This may be taken to indicate that accumulation of aluminum in the 
chlorotic plants was not responsible for the chlorosis. In addition, 
there was no evidence of any root rot associated with the chlorosis. 
According to Hoffer (6>), the absence of root rot may be an indication 
that aluminum was not a factor. 

Table 10. — Influence of chlorosis on aluminum and iron content of corn stalk and 

roots 


Content of— 


Part of plants 


Stalks 


Hoots 


Description of plants 


[Normal 

Slightly chlorotic... 
Medially chlorotic. 
Extremely chlorotic. 

Normal. 

Slightly chlorotic . . 
Medially chlorotic. . 
Extremely chlorotic 


FeaOu 

Ah Os 

Per cent 

Per cent 

0.013 

0. 193 

.010 

.110 

.013 

.019 

.014 | 

.029 

.034 j 

. 171 

. 029 i 

.091 

. 022 ! 

.115 

.032 ' 

. 130 


In 1927 samples were taken again of normal and extremely chlorotic 
plants. The normal plants were taken from plot 1 A, a plot practically 
free of chlorosis; the chlorotic plants from plot 2D, where chlorosis 
was most severe. An ash analysis was made. 3 In preparing the 
samples for analysis it was decided to exclude the roots because of the 
difficulty in getting a satisfactory sample and because it was evident 
that an analysis of the top part of the plant would be sufficient. The 
samples in each case were separated into nodes, internodes, leaf 
sheath, and leaf blade. This separation was made just after the 
plants had been dried. 

The results of the analytical work are given in Table 1 1 . In accord 
with the results obtained on the 1924 crop, no consistent differences 
in iron and aluminum content of the normal and chlorotic plants were 
apparent. In the nodal tissue, where the aluminum would be ex- 
pected to accumulate, 0.06 per cent was found in the normal and 
0.05 per cent in the chlorotic plants. Taking the plant as a whole. 

8 The writer is indebted to Dr. G. N. Holler, of the Indiana Agricultural Experiment Station, for his 
interest in this problem and for his assistance in having these analyses made in his laboratory. 
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the iron and aluminum content of the normal plants was very similar 
to that of the chlorotic plants. 

The ash content of the leaf sheath and leaf blade was higher in 
the normal than in the chlorotic plants, while the reverse was true of 
the nodes and internodes. The average for. the whole plant showed 
very little difference between the normal and chlorotic plants. The 
leal sheath and leaf blade contained significantly more ash than the 
nodes and internodes. 

Table 11. — The effect of chlorosis on the mineral constituents of different parts of 

the corn plant 


Percentage content of— 


Mineral 

Nodes 

In ter nodes 

Leaf sheath 

Leaf blade 

a vorage 


Nor- 

Ohio- 

Nor- 

Chlo- 

Nor- 

j Chlo- 

Nor- 

Chlo- 1 

Nor- 

Chlo- 


mal 

rotie 

mal 

rotie 

mal 

; rotie 

mal 

rotie ; 

mal 

rotie 

Total ash 

5. f>0 

8. 70 

3. 85 

0. 72 

9. 1 1 

8. 58 

12.29 | 

8.99 ; 

7. 70 

8. 25 

Si0 2 

. 40 

. 45 

.78 

.07 

3. 72 

i 2. 94 

5.88 1 

3.51 i 

2. 71 

1.89 

P 2 O fi 

.20 

. 20 

.20 

. 10 

.45 

! .40 

.80 | 

.81 1 

44 

39 

AI 2 O 3 .. 

.(Mi 

. Of) 

. 04 

.00 

.08 

.11 

.09 | 

.00 ; 

.07 

.07 

FejOj 

.01 i 

.01 

.01 

. 09 

.07 

! .07 

.07 , 

.00 1 

.04 

.00 

CaO 

.99 ! 

. m 

• 

.38 

1.03 

.74 

1.07 ! 

.88 1 

1.04 

. 06 

MgO 

.34 

. 10 

. 10 

.(Mi 

. 40 

! . 12 

.33 i 

■ 11 ! 

.31 

. 10 

K 2 0 

2. 32 | 

4 . 79 j 

1 . 70 

3. 82 

2. 72 

: 3.33 

2. 80 ; 

2. Mi 

2. 40 

3. 70 


Silicon, phosphorus, and calcium were all found to be slightly more 
abundant in the normal than in the chlorotic plants. These elements 
were more plentiful in the leaf sheath and leaf blade than in the 
other parts of the plant. Plot 1A, where the sample of normal plants 
was taken, had received more phosphorus and calcium than plot 2D, 
where the sample of chlorotic plants was taken. This might explain 
the higher percentages of these two elements in the normal corn. 
Plot 2D had received more potash than plot 1A, and Table 11 shows 
consistently more potash in the chlorotic plants. 

While the differences just mentioned were quite consistent they 
were not so large as those for magnesium. Table 11 shows on an 
average more than 300 per cent more magnesium oxide in the normal 
than in the chlorotic plants. This appeared to be the most significant 
result of the chemical analyses. 

The field work showed that both lime and magnesium sulphate 
counteracted chlorosis; the greenhouse work showed that it was the 
magnesium in the lime which prevented chlorosis; and the chemical 
work now shows that the important chemical difference between the 
normal and chlorotic plants is in the magnesium. 

DISCUSSION 

The data presented show that the chlorosis on North Corn Acre 
was due to a lack of magnesium. The conditions which brought about 
the shortage of magnesium were: (1) The removal of magnesium 
from the soil by leaching and continuous cropping, and (2) the use of 
fertilizers practically free of magnesium for a long period. 

Crops in general ao not remove large quantities of magnesium from 
the soil. It has been estimated from the work of Lyon and Bizzell ( 9 ) 
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that corn mav take between 15 and 20 pounds per acre. Jenkins (7) 
has estimated that a crop of tobacco removes in its leaves and stalks 
about 15 pounds per acre. According to these estimates the magne- 
sium requirements of corn and tobacco are similar. 

More important than the removal of magnesium by crops is the 
loss by leaching. According to the lysimeter experiments of Lyon 
and Bizzell (.9), the magnesium lost by drainage may vary from 28 
to 70 pounds per acre. On North Corn Acre the soil was much 
lighter than that with which Lyon and Bizzell obtained these results, 
indicating that even greater leaching may have taken place than was 
observed by these writers. 

The belief that leaching has been a factor in lowering the level of 
magnesium on North Corn Acre is supported by the fact that chlorosis 
increased with increased rainfall. Garner and his associates ( 4 ) em- 
phasized the fact that plants on light soils suffer most from sand 
drown. They also stated that excessive rainfall causes sand drown 
to become more widespread. 

In view of the fact that the fertilizers used for a long period on 
North Corn Acre were practically free of magnesium, it was to be 
expected that the losses by drainage and crop removal should in time 
exhaust the soil. Because of its magnesium content, applications of 
farm manure might have prolonged the time before the appearance of 
chlorosis, but it is doubtful whether the manure, unless applied in 
very large amounts, would have maintained the magnesium supply 
indefinitely. 

It has not been necessary up to the present for workers in the field 
of soil fertility to pay much attention to magnesium. They have 
been concerned chiefly with the commonly deficient nutrients, nitro- 
gen, phosphorus, and potash. With continuous cropping, however, 
and the use of fertilizers practically free of magnesia, particularly on 
soils subject to considerable leaching, magnesium deficiency is likely 
to become more and more a problem. 

As manure becomes less available, successful crop production must 
depend upon fertilizer chemicals. The introduction of higher 
analysis fertilizers means materials of greater purity. Thus the 
fertilizer practice of the future, unless attention is given to magnesium, 
is likely to assist in depleting the soil magnesium. In the fertilizer 
practice of the past magnesium has been contained in many of the 
low-grade materials as an impurity. However, it should be borne 
in mind that the soil conditions responsible for the magnesium 
deficiency here reported have developed with the use of the medium- 
analysis fertilizer materials commonly employed for the past 30 years. 

Materials which may be used as sources of magnesium are lime, 
sulphate of potash-magnesia, vegetable organics, magnesium sulphate, 
and basic slag. The proper amount of these materials to use will 
depend on the amount of magnesium they carry and on how severely 
the crop may be suffering from lack of it. Garner and his associates 
( 4 ) have estimated that about 20 pounds per acre of magnesium is 
sufficient to control sand drown. In the light of evidence secured by 
the writer this quantity may need modification to meet the variation 
in requirements induced by differences in rainfall and soil conditions. 
For example, during the season of 1928 sand drown was noted on 
tobacco on certain plots where approximately 30 pounds of magnesium 
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per acre were applied in the form of sulphate of potash-magnesia and 
cottonseed meal. The soil on which this observation was made was 
light and was situated on a slope, thus being subject to both leaching 
and erosion during a rainy season. For corn the experience on 
North Corn Acre indicated that between 20 and 40 pounds of magne- 
sium per acre are sufficient to control chlorosis. Probably for average 
conditions applications of between 20 and 25 pounds per acre will give 
satisfactory results. In view of the amounts removed by drainage 
as reported by Lyon and Bizzell ( 9 ), it would hardly seem that the 
estimates above are adequate. Since the results in the field show them 
to be sufficient the indication is that some magnesium must bo released 
by the soil. 

SUMMARY 

The work presented in this paper consisted in a study to determine 
the cause of chlorosis on corn growing in one of the experimental 
fields at the Massachusetts Agricultural Experiment Station. Two 
hypotheses were put forward to explain the chlorosis (1) aluminum 
toxicity and (2) lack of magnesia in the soil. Preliminary observa- 
tions indicated that lime possessed the ability to control the chlorosis. 
Magnesium sulphate treatments were made for comparison with the 
lime treatments, and it was found that both treatments counteracted 
the chlorosis in the field. In the greenhouse, however, where mag- 
nesium sulphate was compared with chemically pure calcium car- 
bonate, only the former was capable of controlling chlorosis. Anti- 
dotes for aluminum toxicity such as high applications of superphos- 
phate had no influence on the chlorosis. Chemical analyses always 
revealed a larger amount of magnesium in the normally green than 
in the chlorotic plants. Aluminum, on the contrary, proved to be as 
abundant in the normal as in the chlorotic plants. Thus the conclu- 
sion was reached that lack of magnesia was responsible for the 
chlorosis. 

Chlorosis of corn and sand drown of tobacco both became more 
injurious when heavy rainfalls occurred during the growing season. 
The yield of corn was found to be more affected by chlorosis than that 
of the stover, the latter being reduced only slightly. 

The conditions that favor magnesia hunger arc. a light leachy soil, 
the use of chemical fertilizers free of magnesium and without manure, 
and continuous cropping. If the leachings from lysimeters are taken 
as a criterion, the removal of magnesia by drainage water is of greater 
consequence than its removal by crops. 

In fertility programs of the future it may be necessary to consider 
magnesium more than in the past, especially for some of the lighter 
soil types. This seems particularly important in view of the fact that 
fertilizer mixtures are likely to be composed of purer chemicals. 
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CAN NODULE BACTERIA OF LEGUMINOUS PLANTS FIX 
ATMOSPHERIC NITROGEN IN THE ABSENCE OF THE 
HOST? 1 

By F. E. Allison 2 

Senior Chemist , Bureau of Chemistry and Soils , United States Department of 

Agriculture 

INTRODUCTION 

Nitrogen-fixation studies with nodule bacteria have been reported 
at frequent intervals during the period since 1886-1888, when Hell- 
riogel and Wilfarth announced that these bacteria can live in symbiosis 
with leguminous plants and make the growth of the latter largely 
independent of the nitrogen content of the soil. The findings of 
these two men have been verified repeatedly and are to-day practically 
universally accepted by research workers in this field. We know that 
the nodule bacteria are necessary for nitrogen fixation to take place 
in the leguminous plants, but we do not know the part played by these 
bacteria in the fixation process. The prevailing theory that the bac- 
teria obtain carbohydrates from their host, use the energy for growth 
and nitrogen fixation, and in turn supply the host with nitrogen, is 
far from being proved. If the bacteria fix as large quantities of 
nitrogen as the above theory implies, then it should presumably be 
easy to demonstrate the fixation by the bacteria growing independent 
of the host. Numerous attempts have been made to do this with 
widely varying results. A resume of some of the outstanding experi- 
ments along this line is given below. These are arranged for the most 
part in chronological order. 

HISTORICAL REVIEW 

Beijerinek (3 ) 3 obtained fixations varying from 0.9 to 1 .8 mgm . N per 
100 c. c. of media in a medium containing 5 to 7 mgm. of nitrogen. He 
considered that the data proved that the organism could fix nitrogen 
but that the increases were not greatly in excess of the .errors of analysis. 

Prazmowski (32) stated briefly, without giving data, that he had 
shown that the legume organism can fix nitrogen when grown on a 
nitrogen-free medium, but the power of fixation was not great. 

Frank (10), in a review of his own investigations, concluded that it 
was very questionable whether Rhizobium had the power of fixing 
free nitrogen independent of the host, and was of the opinion that 
more likely it acted merely as a stimulus to the plant, rendering the 
inherent ability of the latter for nitrogen assimilation more active. 


1 Received for publication May 13, 1929; issued December, 1929. 

2 The writer wishes to thank E. IL Fred for supplying a portion of the cultures of Rhizobium used in 
these investigations, and for suggestions given; also F. O. Cottrell and others of the laboratory stall for their 
interest and help during the progress of the work. 

3 Reference is made by number (italic) to “Literature cited,” p. 922. 
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Immendorff {22) was unable to secure appreciable growth or nitrogen 
fixation by legume bacteria growing on various nitrogen-free media. 
In order to secure good growths combined nitrogen was necessary in 
the medium. 

Berthelot (4) grew lupine bacteria on a humic-acid medium and 
obtained an increase of 5.3 mgm. N in four months. For inoculation 
the juice from the roots of an inoculated lupine was used. Apparently 
a pure culture was not used, and hence the results are of little signifi- 
cance from the standpoint of the question under consideration. 

Gonnermann {16) stated that the root-tubercle bacteria alone could 
not make the free nitrogen available for the plant, but considered 
that the plant itself without symbiosis could use free nitrogen. 

Stutzer, Burri, and Maul {88) grew bacteria in ‘2-liter flasks, contain- 
ing 50 c. c. of nitrogen-free medium absorbed in 1 0 gm. asbestos. After 
two months the analyses showed gains of 3.25, 2.23, and — 0.48 mgm. N 
for three experiments. The authors did not consider that the results 
justified a definite statement as to the nitrogen-fixing power of Rhizobia. 

Mazd (26, 27) claimed to have demonstrated that legume bacteria 
can fix nitrogen if grown on a suitable organic medium, such as 
legume extract containing the necessary mineral elements and sugar. 
He was not able to secure appreciable fixation on a nitrogen-free 
medium. This work has been quoted so many times as proof that 
the legume bacteria can fix nitrogen that a critical study of the 
articles is very desirable. In the first place, the statements regard- 
ing nitrogen fixation are based on only about 25 or 30 analyzed 
cultures. The purity of these cultures was not adequately tested, 
and from his statements we can almost say with certainty that they 
were mixed. He observed a strong odor of cheese given off by the 
cultures and in some cases a rapid liquefaction of gelatin. These 
properties are certainly not characteristic of Rhizobia. He found 
that the bacteria decomposed sucrose very rapidly with the produc- 
tion of C0 2 . Within 15 days usually 2 percent sugar solutions were 
almost wholly converted into C0 2 with a corresponding oxygen con- 
sumption. In the first of Maze’s two articles referred to here, he reports 
three experiments, showing fixations of 40.8, 47.5, and 23.4 mgm. N 
per 100 c. c. in 15 or 16 days, starting with a medium already rich in 
nitrogen. In the second article the fixations in three additional 
experiments were 12.1, 12.8, and 15 mgm. N per 100 c. c. In the 
third article the fixations were —3.7, —2.4, 2.2, 0.8, 2.2, and 2.4 
mgm. N in one series and 3.3, 6.0, 0.4, 2.9, and 6.3 mgm. N in another 
series. Most of these results were secured on media which already 
contained more nitrogen than the organisms would ordinarily need. 
The work is interesting from the historical standpoint, but in the 
light of our present knowledge of legume bacteria we can not seriously 
consider it as proof of the fact that Rhizobia can fix nitrogen inde- 
pendently of the host. 

Greig-Smith {17) stated: 

Experiments were made with pure cultures of the organism, using glucose and 
sucrose in conjunction with plant extract, but neither with Khizobia obtained 
from the lupin nor the pea could any fixation of free nitrogen be found either in 
faintly acid, neutral, or faintly alkaline media; the cultures finally contained the 
same amount of nitrogen as they had at the beginning of the experiment. 

He reported also that he was unable to obtain any nitrogen fixation 
with nodule bacteria, grown on various media. Later {1 8) ne reported 
numerous analyses showing some nitrogen fixation in artificial cul- 
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tures. In this later work he concluded that the fixation was, in 
general, “ coincident with and proportional to the formation of slime. 
Under conditions that preclude the formation of slime, there is no 
fixation.” 

Neumann (SO) obtained fixations varying from 4.4 to 49.9 mgm. N 
in soil and legume extracts inoculated with mixed cultures from soil, 
roots, and nodules, and stems and leaves. These results are of little 
significance from the standpoint of this discussion since pure cultures 
of Rhizobia were not used. 

Lohnis (25) secured nitrogen fixation on a soil-extract medium, the 
quantities varying from 0 to 1.54 mgm. N per 100 c. c. of medium in 
21 days. 

Moore (28) obtained fixations of 0.2 to 2.2 mgm. N where various 
strains of legume bacteria were grown in an aerated nitrogen-free 
medium . The nitrogen was found to be stored up within the bacterial 
cells as protein and could not be removed by merely filtering off the 
medium. 

Lewis and Nicholson (24) report fixations with alfalfa bacteria 
varying from 0 to 1G.2 mgm. N per 100 c. c. of media, with an average 
of approximately 2.2 mgm. N. The results appear to be rather 
erratic, the largest fixations being secured in media which contained 
far more nitrogen than the bacteria would be expected to assimilate 
under the conditions. 

The work of Golding (15) has probably been more widely quoted in 
recent years as proof that nodule bacteria can fix nitrogen than that 
of any other worker. It lias been repeatedly stated in the literature 
that he demonstrated that by the continued removal of the soluble 
products of growth from bacterial cultures they fixed comparatively 
large quantities of nitrogen. Let us see what Golding, himself, said. 
In his first experiment a gain of 342 mgm. N was obtained where 520 
gm. of macerated legume stems, leaves, and nodules were present in 
3,000 c.c. of medium, which was constantly being removed by suction. 
This medium was not sterilized and hence the results mean nothing 
so far as demonstrating that legume bacteria can fix nitrogen. In a 
second experiment 500 c. e. of fresh unheated cold-water extract of 
pea plants with the addition of 5 gm. of dextrose served as a medium. 
In this impure culture the fixation was 24.4 mgm. N, again showing 
nothing regarding the ability of root-nodule bacteria to fix nitrogen, 
because pure cultures were not used. In a third experiment, using 
a synthetic nutrient medium containing 1,550 c. c. of sterile pea 
extract inoculated with a pure culture, a fixation of 31 .5 mgm. N was 
obtained in 13 days. In a similar pure-culture experiment, starting 
with 250 c. c. of sterile plant-extract medium, the fixation was 7 mgm. 
in 22 days. The quantity of nitrogen fixed was, therefore, 2.0 and 
2.8 mgm. N per 100 c. c. of medium, respectively, for the two pure- 
culture experiments. This fixation is no greater than that reported 
by certain other investigators as occurring in ordinary culture flasks 
and is not greatly in excess of experimental error, considering the 
rather difficult technic used and the fact that plant extracts were 
employed. It is very difficult to secure accurate analyses with such 
material, and even if closely agreeing duplicate determinations are 
obtained there is no guarantee that the analyses are really accounting 
for every form of nitrogen present. The recent paper of Christensen 
(9) is of interest in this connection. It is also worth while to empha- 
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size that Golding like Maz6 obtained his fixations with Rhizobium 
grown on a medium already containing more nitrogen than the 
bacteria needed. Certainly, numerous repetitions of the work would 
be necessary to make the results really conclusive. Golding tried 
various other methods to demonstrate fixation in pure cultures, but 
without success. Results were unsatisfactory where agar cultures 
were floated on sugar solutions in sterile parchment dialyzers; like- 
wise, where cultures were grown in flasks in thin layers; and again 
where sugar was added to the cultures daily. 

Fred (11), using 15 strains of legume bacteria, reported fixations 
varying from 17 to 34 mgin. N per 200 c. c. of a nitrogen-deficient 
medium. However, in a private communication he states that there 
was an error in printing and that the data should be based on 1,000 
c. c. instead of 200 c. c. of media. The average fixation was, there- 
fore, about 1.5 mgm. N per 1,000 c. c. In a second paper (12) he 
reported fixation for several strains of nodule bacteria grown in 
liquid, sand, and soil cultures. The approximate average nitrogen 
gain for the pure cultures was 8.9 mgm. N per 1,000 c. c. of liquid 
media, 8.5 mgm. N per 100 grn. sand, and 5.2 mgm. N per 100 gm. clay 
soil. The author summarized the work as follows: 

While the nitrogen assimilation in the liquid medium, in the sand, and in the 
soil, was very small, it was sufficient to give a reasonable basis for the belief that 
Bacillus radicicola will live in the soil without the host plant and accomplish a 
certain amount of nitrogen assimilation. 

In a later report (IS) of a rather extensive series of experiments, he 
obtained fixations of usually less than 1 mgm. N per 100 c. c. with a 
few increases as high as 3 mgm. N. The results were usually higher 
on agar cultures than in solution. The presence of a trace of nitrogen 
seemed to aid in the gain, while large amounts rctardod the process. 
He stated that the bacteria fixed as much, or more, nitrogen per unit 
of carbohydrate consumed than such a form as Azotobacter. In a 
bulletin by Fred, Whiting, and Hastings (14) fixations of 14.15 and 
18.55 mgm. N were obtained per 15,000 c. c. of media in two experi- 
ments where legume bacteria were grown on Berkefeld filters with 
provision for the constant addition of fresh medium and removal of 
the old. Most of the nitrogen assimilated w r as held in the residue 
on the candle and only a very small part was carried into the filtrate. 

Rossi (84) made a study of the nitrogen-fixing power of legume- 
nodule bacteria grown on gelatin, agar, and liquid media and obtained 
negative results. An experiment conducted somewhat along the lines 
of Golding's (15) work also showed no significant gain in nitrogen. 

Buchanan (8) reported the results of a detailed study of the gum 
produced by Bacillus radicicola and stated that it contained no 
combined nitrogen. 

Bottomley (5) secured a fixation of 2.3 mgm. N per 100 c. c. of 
synthetic nitrogen-free medium with nodule bacteria. He repeated 
the work later (6), making the analyses after all sugar was used up, 
and secured similar results. In 1912 (7) he isolated the bacteria from 
the root nodules of Myrica gale and found them identical in structure 
and growth with the legume nodule bacteria. In liquid cultures a 
fixation of 2.05 mgm. N per 100 c. c. was obtained in seven days. 

Spratt (87) also isolated bacteria from the nodules of nonlegumes, 
Podocarpinae, found them identical with Pseudomonas radicicola 
obtained, from the Leguminosae, and secured a gain of 2.5 mgm. N 



Oec. 15, 192ft 


Nodule Bacteria of Leguminous Plants 


897 


by the organism grown in pure culture. In another paper (36) she 
reports fixations of 2 5 to 3.5 rngm. N by P. radicicola isolated from 
the root nodules of Ain us and Elaeagnus and grown in pure culture 
in laboratory media. 

Herke {20) determined the nitrogen-fixing power of legume bacteria 
and concluded that a soil extract medium favors fixation, the rate 
being an average of about 0.4 rngm. N per 100 c. c. of medium in 
unaerated cultures. Increasing aeration, either by the use of thin 
layers of media or by bubbling air through the cultures, slightly 
increased fixation. Where the action of the plant was imitated by 
growing the organisms in funnels on kieselguhr with the periodic 
addition of mannit solution and removal of the old medium by 
suction, the fixation varied from 1.19 to 3.08 rngm. N per flask. 

Olaru (31 ) reported fixations varying from 1.5 to 32.1 rngm. N per 
100 o. c. of media in plant extracts containing 2 per cent sucrose and 
varying percentages of MnS() 4 , inoculated with pea-nodule bacteria. 

Mulvania (29) found that where a dialyzing membrane intervened 
between a legume bacterial culture and the roots of the host plant no 
infection of the roots occurred and the plants did not benefit by the 
presence of the bacteria, showing that no usable dialyzable nitrogen 
was produced by the bacteria. 

Rocaolano (33 ) , starting with a medium containing 28.9 rngm. N 
per 100 c. e., added MnCl 2 in amounts varying from 0.001 to 0.02 
gni. of Mn ion per 100 c. e. of medium. The nitrogen fixation by the 
nodule bacteria increased from 3.1 rngm. in the control to 9.0 rngm. 
with O.OOfi gm. of Mn ion per 100 c. c. With higher concentrations 
the fixation decreased markedly. 

Hills (21) claimed to have demonstrated that Rhizobia fixed a 
small quantity of nitrogen, varying from 0.15 to 0.43 rngm. N per 
100 c. c. of media, when grown on agar films. He claimed, further, 
that the addition of nitrates increased the fixation slightly, the in- 
creases under these conditions varying from about 0.53 rngm. to 3.5 
rngm. N per 100 c. c. A critical study of the data shows, however, 
that the method of analysis used accounted for less than half of the 
nitrogen actually added to the cultures as nitrate. 

Joshi (23) inoculated three strains of nodule bacteria separately 
into soil-extraet-mannit media and determined the nitrogen fixation 
after 10 days. The increase in nitrogen, due to the bacteria, varied 
from 0.8 to 1.2 rngm. N per 100 c. c. Several additional strains gave 
an average fixation per 100 c. c. of 1.4 rngm. N with a maximum of 2 
rngm. N. No details of the analytical methods are given and only a 
few figures. 

Barthel (2) attempted to establish definitely whether leguminous 
nodule bacteria possess the faculty of fixing nitrogen, when grown in 
pure cultures, and obtained negative results with a culture isolated 
from the pea. 

Halversen ( 19 , p. 400 ) reported fixations of 1.2 and 1.7 rngm. N by 
Rhizobium leguminosarum grown for eight days on synthetic media. 
He states that the amounts of nitrogen fixed “are so small for the 
Rhizobium cultures that the experimental error is often greater than 
the amount of the determination . ” In one case, however, he obtained 
a fixation of 7.2 rngm. N in a culture containing lime, which was 
aerated for four weeks. 
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Skinner ( 35 ) obtained no fixation with alfalfa bacteria and reports 
that the finding was entirely unexpected. 

The writer ( 1 ) in a preliminary statement reported that red-clover 
bacteria failed to fix nitrogen when grown on plant-extract media. 

A study of the investigations discussed above emphasizes certain 
outstanding points: (1) Rarely has Rhizobium been reported as 
making a good growth or showing fixation appreciably above the 
experimental error when grown on a nitrogen-free medium. (2) 
Where small amounts of nitrogen were present, particularly in miscel- 
laneous unknown forms such as soil extract, gains of nitrogen have 
been frequently reported but these increases have usually been less 
than 1 mgm. It should also be borne in mind that under the same 
conditions in a number of instances no increases of nitrogen have 
been secured and a number of losses have been recorded. (3) When 
large quantities of nitrogen were present in the medium at the start 
the results have been very much more erratic, showing in some cases 
marked losses and in others increases up to about 50 mgm. N. Fairly 
large fixations of nitrogen have frequently been reported for legume- 
nodule bacteria grown in plant-extract media. Usually where the 
largest increases were obtained the bacteria were grown in media 
that contained from two to five times as much nitrogen as the bacteria 
would need for a normal growth, assuming no fixation. It is true 
that not all of the nitrogen in media, such as plant extracts, is avail- 
able, but certainly a good percentage is. A further important fact 
brought out by a careful study of the references given is that the 
conclusions in most instances have been based upon a very limited 
amount of data and very few extensive studies of the question have 
been reported. Much of the earlier work is questionable because 
very obviously pure cultures were not always used. 

EXPERIMENTAL WORK 

In an attempt to clarify the situation a rather extensive series of 
experiments was initiated at this laboratory in May, 1923, and these 
have been continued to the date of writing, December, 1928. Most 
of the work reported in this paper was completed more than two 
years ago but not published because of the desire to test thoroughly 
the numerous suggestions that have been given in the literature and 
by personal contacts. Because of the fact that the results reported 
below are of the negative type a logical presentation is impossible. 
The experimental work consisted mostly in testing the nodule 
bacteria for nitrogen fixation under as many different conditions as 
possible. Failing in one experiment to obtain nitrogen fixation, 
other experiments were started which frequently had little bearing 
on those previously conducted, except that they may have been de- 
signed to bring some additional factor or factors into the picture. 
These heterogeneous experiments are, therefore, grouped together 
and presented below. 

METHODS 

Many schemes were tested by the writer for the growth of Rhizobia 
in special types of apparatus designed to favor fixation, but in most 
instances the organisms were grown at 28° C. in 100 c. c. portions of 
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media contained in 300 c. e. Erlenmeycr flasks, and unless otherwise 
stated, it may be assumed that this was the procedure used in all 
experiments reported here. In many cases flasks having capacities 
up to 3 liters were used in order to provide greater aeration. The 
composition of the medium was the chief variable. As a basis for 
most of the media, Ashby’s solution with slight modifications was 
chosen. When the term “ Ashby’s solution” is used in the following 
pages, a solution of the following composition is meant: 


Magnesium sulphate 

Grams 

0. 2 | 

Ferric chloride. .. 

Grams 

0.0005 

Dipotassium phosphate. 

. 2 

Calcium carbonate 

1. 0 

Sodium chloride 

.2 

Water. 

1, 000. 0 

Calcium sulphate. 

. 1 I 



The sugar used was usually 1 per cent dextrose, but this varied and 
reference must be made to each individual experiment. To this 
medium as a basis various additions were made and their influence, 
if any, on nitrogen fixation determined. 

Nitrogen determinations, unless otherwise stated, were made by 
the Kjeldahl method, using CuS0 4 , K 2 S 0 4 , and H 2 S 0 4 for digestion. 
In some of the experiments, reported near the end of this paper, 
analyses were made by the Kjeldahl met hod, using metallic mercury 
and II2SO4 for digestion, followed by precipitation of the mercury 
with sodium thiosulphate prior to distillation. 

NITROGEN-FIXATION STUDIES ON NITROGEN-FREE MEDIA 

The usual method of testing a microorganism for nitrogen-fixing 
power is to grow it in pure culture in a liquid, or in some cases solid, 
medium containing the necessary inorganic elements for its growth 
and a suitable carbohydrate. Ordinarily organisms show their highest 
rates of fixation on such a nitrogen-free medium or at least on a 
medium containing only a comparatively small quantity of nitrogen. 
As the supply of available nitrogen is increased appreciably fixation 
decreases. In other words the microorganism uses atmospheric 
nitrogen only when it is forced to do so and prefers the simple nitrog- 
enous salts. 

The first experiment started, and much of the later work, was 
based on this idea that in order to demonstrate nitrogen fixation the 
legume bacteria should be grown under starvation conditions, so far as 
fixed nitrogen is concerned. In this first experiment two media were 
chosen, Ashby's solution with the addition of 1 per cent mannit and 
Hunter’s medium, consisting of magnesium sulphate 0.2 gm., dipo- 
tassium phosphate 0.5 gm., sodium chloride 0.2 gm., and mannit 10 
gm. per liter, adjusted to pH 7.0 to 7 . 4 . Cultures were grown both 
with and without CaC 0 3 . A portion of the flasks were inoculated 
with soybean bacteria and others with a culture of Azotobacter vine - 
landii obtained from the New Jersey Agricultural Experiment Station. 
Optimum growth conditions for the two organisms are similar and 
hence the use of Azotobacter served as a check on the soybean culture. 
Table 1 gives the analyses after 16 and 24 day growth periods at 
room temperatures. 
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Table 1. — Results of nitrogen- fixation tests with soybean bacteria and Azotobacter 
vinelandii grown on two different media and incubated at room temperature 

ASHBY’S MEDIUM 


With calcium carbonate 


Without calcium carbonate 


Culture 


Iiicuba-] 

tion 

period 


Growth ob- 
servations 


A ver- 
age 


Control, uninocu- 
lated. 

Soybean bacteria 


Days 

} - 


10 


A. vinelandii 

Soybean bacteria 

A. vinelandii 


in 

24 


24 


Slight 

Good 

Slight 

Good 


Mgm. 

{ r 

0 

. 04 
Lost. 
0.23 
11 
.03 
5.17 
4.79 


{ 

{ 


Mgm. 

0 


.02 

0.23 

-.04 

4.98 


N 

fixed 

Growth ob- 
servations 

Mgm. 


0. 02 

Slight 

0.23 

Good 

-.04 

Slight . „ 

I 

4.98 

; Good 


Aver- 

age 


Mgm. ! Mgm. 


N 

fixed 


Mgm. 


-0. 03 
0 

0. 02 
5. 34 
-.17 
-.04 
5. 03 
5. 30 


- 0 . 02 


-.11 


- 0 . 02 
5. 98 
~. 11 
5. 50 


HUNTER’S MEDIUM 


Soybean bacteria 

16 

i 

Slight | 

1 

r o.i4 

1 Lost. 1 

| 0. 14 

0. 14 

Slight.... 

\f 0.11 
!l .o 

!} 0. 06 

A. vinelandii. - 

16 


f 5.45 | 
I 5.84 

f -.01 

1 -.04 

\ 5. 65 

5.05 

Fair. . 

1/ 3.11 
j\ 3.70 

J -oi 

\ . 13 

1 3.41 

Soybean bacteria 

24 

Slight j 

| -.03 

-.03 

Slight 

;J 

11 .06 
| 3.32 

A. vinelandii. . . 

24 

Good . | 

f 5.11 
t 4. 85 

} 4.98 

' 

4.98 

Fair 

/ 3. 19 

\ 3. 45 




It will be observed that the soybean organisms did not fix nitrogen 
in either of the two media used whether in the presence or absence 
of calcium carbonate. The results in all cases are wholly within the 
experimental error. So far as growth of the soybean bacteria was 
concerned the observations checked with the analysis, about the only 
evidence of growth being a slight amount of gum formation. 

The culture of Azotobacter 'Vinelandii fixed nitrogen under all 
conditions, the quantity being greatest in Ashby’s medium containing 
calcium carbonate and lowest in Hunter’s medium without calcium 
carbonate. It will be observed, further, that, in every instance the 
quantity of nitrogen found in the flasks inoculated with Azotobacter 
was greater at the end of 16 than of 24 days. This was probably 
due to the loss of a volatile form of nitrogen from such cultures. 

NITROGEN-FIXATION STUDIES WITH VARIOUS STRAINS OF NODULE BACTERIA 

Another experiment, similar to that reported in Table 1, was 
started soon after its completion for the purpose of testing cultures 
from a large number of species of legumes. The experimental 
methods were, in general, the same except that the temperature of 
incubation was 25° C. and a soil-extract medium, prepared according 
to the recommendations of Lohnis, was substituted for Hunter’s 
medium. This contained in addition to the extract, 0.5 gm. dipotas- 
sium phosphate, 10 gm. mannit, and excess of calcium carbonate in a 
liter of water. The Ashby’s solution used contained 20 gm. of mannit 
per liter. The bacterial cultures used had been tested for purity and 
nodule production. Because of the large number of cultures tested 
and the desirability of using two media, duplicate determinations 
were not made. The analyses for total nitrogen were made at the 
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end of 32 days. Prior to making the final analyses nitrate determi- 
nations were made on the uninoculated media and 0.2 mgm. nitrate 
nitrogen found per 100 e. e. Qualitative tests made on several of the 
cultures showed no nitrate present, as was to be expected, and hence 
the reduction method to include nitrates in the total nitrogen determi- 
nations was used only in the analysis of the control flasks. The data 
are given in Table 2. 


Table 2. — Results of nitrogen determinations made on various Rhizobium cultures 
grown on two different media and incubated at 25° C. for H2 days 


Ashby’s medium 


Culture 



Growth observe- 


tions 

Arlington soybean. . 

Slight 

Virginia soybean. . 

do 

Tokyo soybean. . 

._do . ... 

Kidney bean . 

do. 

Japan clover 

do . 

Vetch 

do. . 

Crimson clover. .... 

do 

Trifolium agarium 

do. . __ 

Velvetbean 

_do 

Admiral garden pea 

do. 

Lima bean.. .. ... 

...do 

Alfalfa 

_do_ 

Petit pois garden pea. 

J -do 

Red clover 

do. 

Sweet clover _. 

! do 

Lotus corniculat us 

! .do 

Sulla 

I do 

Cow pea 

! do. 

Garden bean . 

i do 

New Era cow pea 

j do 

Check, uninoculated 


Do 


Do ... ... . . . 


N 


Algm. 
0. 02 
.00 
.03 
.02 
.07 
.03 

. » .00 
.04 

0 

.03 

.03 

.01 

0 

.01 

.01 

.02 

.01 

.01 

0 

-.01 

0 

0 



LOhnis’ soil-extract medium 

N fixed 

Growth observa- 
tions 

N 

N fixed 

Algm. 


Algm. 

Algm. 

0. 02 

Fair 

2. 00 

0. 17 

.00 

Slight. 

1 . HI 

-.02 

. 03 

Good 

1.70 

-. 13 

.02 

do 

1. H 3 

0 

.07 

Slight 

1. HI 

-.02 

. 03 

Good . 

1.85 

.02 

.00 

do 

2. 14 

.31 

.04 

do. . 

1.71 

-. 12 

0 

Slight 

1.70 


.03 ; 

Good 

1.77 

-.00 

.03 j 

Slight. 

2.11 

.28 

.01 

...do... 

2. 14 

.31 

0 

... . do. 

1.81 

-.02 

.01 

Good _ . 

1.88 

! 0 

.01 

Slight. 

1.85 

.02 

.02 

do ... 

1 . Hf > 

; .02 

.01 

do 

1.70 

-. 13 

.01 

do. 

2. 07 

• 24 

0 

Fair 

1.78 

—.05 

-.01 

Slight 

1.83 

1.88 

! 0 



1.83 


. -.1.1 

1 

1.79 

1 


The results seem to show, beyond any reasonable degree of doubt, 
that under the conditions of the experiment no nitrogen was fixed by 
the cultures. In the case of Ashby's medium the analyses agree 
unusually closely and all variations from the control are easily within 
experimental error. The analyses of the soil-extract medium show 
slightly wider variations, there being a few increases over the check 
of 0.2 to 0.3 mgm. N and also a few losses. The average of all the 
results gives a figure slightly on the positive side, but the increase 
is not significant. Observations of growth of the various cultures 
showed no correlation with the nitrogen determinations; for instance, 
most of those which gave 0.2 to 0.3 mgm. N increase over the control 
were usually the ones which showed almost negligible growth. 

. In addition to the results reported here, six other cultures on Maze’s 
bean-extract medium were run at the same time. The analyses of 
these showed slight losses in all cases. 

NITROGEN-FIXATION STUDIES ON “RADICICOLA” SOLUTION 

A medium which has been used frequently for the growing of legume 
bacteria is “Radicicola” solution, mentioned by Lipman and Brown 
in their Laboratory Guide for Soil Bacteriology. It consists of 10 gm. 
of saccharose and 1 gm. of dipotassium phosphate, dissolved in 1 liter 
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of tap water. In order to expose a large surface of the medium to the 
air, 100 c. c. portions were placed in 2-liter Erlenmeyer flasks. The 
flasks were inoculated with six strains of Rhizobia and allowed to 
incubate for 97 days at room temperature. The period was made 
long because some of the investigators previously mentioned reported 
greater fixations over long intervals. Good gum formation was 
obtained for the two red-clover cultures and with the soybean and 
cowpea bacteria. The total nitrogen determinations are given in 
Table 3. 


Table 3. — Results of nitrogen determinations on various Rhizobium cultures 
grown on Radicicola solution and incubated at room temperature for 97 days 


Culture 


Red clover (1) — 

Red clover 

Red clover (2) 

Red clover... 

Winter pea... . 

Do. 

Sweetclover . 

Do 

Soybean 

Do.. 

Cowpea. . 

Do 

Control, uninoculated. 

Do.. 


Growth observa- 
tions 


Fair 

do. 

..do 
.. . . do 
Slight 
. . . . do 

do.. 

... do. 
Fair... 

. . do. 

do. 

do.. 


Mgm. 

0. 39 
.49 
.52 
. 59 
. 39 
.49 
.00 
.40 
.39 
. 58 
. 50 
.50 | 
.40 ! 
.50 i 


Aver- 
age N 


Mgm. 
0. 44 


.44 


.49 
. 50 


N fixed 

Mgm. 
-0. 07 

. 10 
-.07 
.02 
-.02 
.05 


The evidence again shows very definitely that no nitrogen was fixed 
with any of the cultures, the variations in all cases being within 
experimental error. This was to a certain extent unexpected prior to 
analysis because the growth in the flasks seemed unusually good in 
some cases. The analyses furnish an explanation for this growth, 
because the medium used was not nitrogen-free as supposed. The 
sugar used was a commercial product, thus accounting for the presence 
of the nitrogen. 

The data presented in Tables 1, 2, and 3 are typical of a large 
number of determinations made under very similar conditions. It 
has been the practice over a period of about five years to include in 
practically every experiment a check consisting of Ashby's nitrogen- 
free medium containing various sugars and inoculated with some 
strain of Rhizobium. In all, about 30 strains have been tested in 
this way. In no instance has any appreciable growth been observed, 
other than gum formation, nor have any increases in nitrogen been 
found that could safely be considered greater than experimental 
error. Under exactly the same conditions flasks were frequently 
included which contained the same medium except for the addition 
of a suitable source of nitrogen, and in most cases at least fairly 
good growths were secured. Approximately 700 culture flasks 
containing a wide variety of nitrogen-free media, inoculated with 
numerous strains of nodule bacteria, and incubated at various 
temperatures, were discarded without analysis because the many 
analyses made agreed in showing that there is no need to analyze 
cultures which show but little growth. Assuming that other con- 
ditions are satisfactory, the growth of Rhizobia is roughly propor- 
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tional to the quantity of available nitrogen present, that is, up to 
the point where its nitrogen-hunger is largely appeased. 

NITROGEN-FIXATION STUDIES WITH SOYBEAN BACTERIA GROWN ON VARIOUS 

MEDIA 

In the studies reported in this paper an attempt was made to 
include experiments which covered as many variables as possible 
in the hope that under some given set of conditions the nitrogen- 
fixing powers of the nodule bacteria might be demonstrated. Natu- 
rally the medium received the greatest attention. Some of the 
data which bear upon this factor are given below. 

Five media which had been recommended for the growth of the 
organism by some research worker and which seemed best adapted 
for use in fixation experiments were chosen. A description of these, 
together with the final analyses made after 22 days incubation, is 
given in Table 4. Unfortunately, the soil-extract media were not 
analyzed by the modified method to include nitrates. Under such 
conditions most of the nitrate nitrogen present would appear in the 
results as “ fixation ” because the nitrate not determined in the con- 
trol would appear in the analyses of the bacterial cultures after 
having been converted into orgaflic forms. Very likely the 0.22 
mgm. N reported as fixed in medium 5 was really not fixation at all. 
The other data of Table 4 show no fixation and all variations are 
easily within experimental error. 

Table 4. — Results of nitrogen determinations on various media inoculated with 
soybean bacteria media and incubated. 22 days 


Medi- 

um 

No. 


Composition of medium in grams per liter 


Hot water extract of 14 gin. sweetelover plants 
(tops and roots) and di potassium phosphate, 
0.. r ) gm., sucrose, 10 gin., adjusted to neutral- 
ity. 


9 /Hot water extract of 50 gm. .soil and sucrose 
^ l 10 gm. 


3 


4 


Lipman’s modified Radicieola solution: Su- 
crose, 10 gm., dipotassium phosphate, 2 
gm.; magnesium sulphate, 0.1 gm.; sodium 
, chloride, 0.5 gm. 


n 


.iman's Radicieola solution: Sucrose, 
gm.; dipotassium phosphate, 1 gin. 


10 


( Joshi’s soil extract; Hof. water extract of 250 
gin. soil; mannit, 10 gm.; dipotassium phos- 
phate, 0.5 gm. 


1 

j Growth observa- 
tions 

N 


Mgm. 
f i 1.48 

Good. 

\ 1 1. 45 

j 1.56 

t 1.41 

f 1 . 45 

1 i . 44 

J .44 

\ .44 

T 1 . 05 

\ i . 07 

f .08 

\ -U 

i 

{.Fair 

1 

! [slight 



j {slight 

J . 08 

1 . 08 

f > 2. 70 

\ i 2. 78 

J 3. 01 

\ 2. 90 

if 


j [Fair 


A verage 
N 

N fixed 

Zfgm. 

Mgm. 

1. 47 


1.49 

0. 02 

2. 45 


2. 44 

-.01 

.00 

-- 

. 10 

.04 

>. 00 


.08 

.02 

2 2. 77 


» 2. 99 

.22 


1 Controls, uninoculated. a No allowance made for nitrates in soil. 

NITROGEN-FIXATION STUDIES ON VARIOUS CARROT-EXTRACT MEDIA INOCULATED 

WITH NODULE BACTERIA 

It is a well-known fact that many plant extracts, both legume and 
nonlegume, when present in media greatly increase the growth of 
Rhizobia. The writer ( 1 ) found that carrot extract was one of the 
best for this purpose. It was decided, therefore, to select several 
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media which have been recommended for the growth of these bac- 
teria and modify them by adding carrot extract to each. This would, 
of course, give media of fairly high nitrogen content but also media 
that would, presumably, show very excellent growths. Since previous 
results had shown no fixation in media low in nitrogen it was desired 
to determine if fixation would occur in nitrogen-rich media, as many 
workers have reported. The composition of the media as used, 
together with the analyses at the end of 25 days, are given in Table 5. 

Table 5. — Results of nitrogen determinations on cultures of legume bacteria grown 
on different media , with the addition of carrot extract , and incubated 2b days 


Composition of medium in grams 
per liter 


TLfihnis (modified): Carrot extract, j 
. jl dipotassium phosphate, 0.5 gin.; j 

1 i| mannit, 10 gm.; CaCOa in ex- ; 

cess. | 

(Moore’s synthetic (modified): Car- i 
rot extract, sucrose, 10 gin.; j 

2 dipotassium phosphate, 1 gm.; 
magnesium sulfate, 0.2 gm.; tap i 
water, reaction not adjusted. i 

/Same as medium 2 except adjusted 
l to 4, Fuller’s scale. 


. /Maze’s (modified): Carrot extract, 
q l sucrose 20 gm. 

I Lipman’s Had icicola solution (mod- 
ified): Carrot extract, sucrose 10 
gm., dipotassium phosphate 2 
gm., MgSOj, 0.1 gm., NaCJ, 0.5 
gm. 

j [Lipman’s Kadicicola solution (raod- 
0 \< ified): Carrot extract, dipotas- 
l sium phosphate, 1 gm., tap water. 

{ .Toshi’s (modified) medium: Carrot 
extract, mannit, 10 gm., dipo- 
tassium phosphate, 1 gm., tap 
water. 

( Ashby’s (modified) medium: Car- 
rot extract, dipotassium phos- 
phate, 0.2 gm., NaCl, 0.2, gm., 
MgS() 4 , 0.2 gm., CaSO«, 0.1 gm., 
CaC() 3 , 1 gm., sucrose, 20 gm. 

{ Same as medium 8 except for addi- 
tion of MnSCL, 0.02 gm., and 
FeClj, 0.00025 gm. 


Control, un inoculated 


Medi- 

um 

No. 


Culture 


[Red clover 

I Kidney bean.. . 

| Garden bean 

1 Trifolium agarium 


I Red clover 

Kidney bean 

Garden bean 

Trifolium agarium 

( Red clover. 

Kidney bean 

Garden bean 

Trifolium agarium 

{ Red clover 

Kidney bean *. 

Garden bean 

Trifolium agarium 

I Red clover 

Kidney bean 

Garden bean. 

Trifolium agarium 

I Red clover 

Kidney bean 

Garden bean 

Trifolium agarium . 

( Red clover 

Kidney bean 

Garden bean 

Trifolium agarium 

( Red clover 

Kidney bean. 

Garden beau 

Trifolium agarium 

( Red clover 

Kidney bean 

Garden bean 

Trifolium agarium 


Growth obser- 
vations 


Very good 
Good 

... do 

do 

No growth. 

Fair 

Good- 

do 


do... 

do... 

.do- 


do. 

Fair 

Slight 
No growt h 
Fair 

Slight 

Fair 

Good 

— do .... 


Fair 

Good 

Very good 

Good 

do 

do 

Very good 
Good 

Fair 

Good 

Very good 
do 


Fair 

Good 

Very good- 
Good 


Mg m. 
5. fit) 

5. 43 
5. 49 
5. 49 

5. 80 
5. fit) 


5. (ifi 

5. 90 
5. 72 
5. 72 
5. 83 
5. 90 
5. 02 
5.71 
5. 03 

5. 04 
5. 70 
5. 70 
5. 59 

ft! 55 
ft. 40 
ft. 51 
ft. 02 
5. 07 
ft. .50 
5. 70 

ft. 59 
ft. 57 
5.44 
ft. 57 

5. 50 
ft. 50 
ft. 53 
5. 55 
5. 80] 
5. 79 
5. 85 
5. 84. 


N fixed 


Mgm. 
-0. 22 
39 
- . 33 
-. 33 

-.02 
-. 22 
10 

-.10 

.08 
-. 10 
10 
.01 
.08 
-.20 
-. 11 
19 

~. 18 
-.00 
~. 00 
-. 23 
~. 25 
-.27 
~. 42 
~. 31 
-.20 
- . 15 
-. 32 
-.00 

~. 23 
-. 25 
-.38 
-. 25 

-.32 
-. 32 
-.29 
-.27 


Very little comment on the analyses is necessary. With all four 
strains of the legume organism good growths were secured on practi- 
cally all of the media and yet no fixation was obtained. Most of the 
analyses show slight losses rather than gains. No explanation is 
offered for this except to state that variations, such as those found, 
or even greater, are very common in the case of Kjeldahl analyses on 
plant extracts. The growing of bacterial cultures usually increases 
the variations. 
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NITROGEN-FIXATION STUDIES WITH RED-CLOVER BACTERIA GROWN IN HEATED 
AND UNHEATED CLOVER EXTRACT 

The assumption has frequently been made that legume bacteria fix 
nitrogen by means of enzymes. If the host plant should secrete the 
enzymes rather than the bacteria, it would be expected that the use of 
the unheated extract of the host plant in culture media might favor 
fixation by the bacteria growing independent of the higher plants. 
This experiment was planned, therefore, to determine if there is any 
difference in the growth or fixation, if any, of the nodule bacteria 
growing in the heated and unheated juices of the host plant. 

About 400 gm. of the whole red-clover plant, including the roots 
and nodules, were ground in a meat chopper, water added, and the 
mass filtered. A sterile Pasteur-Charnberland filter was then used to 
refilter the solution in order to sterilize it without heating. The 
filtrate was incubated for a few days and found to be sterile, about 
650 c. c. of the sterile diluted plant juice being obtained. Half of this 
was then autoclaved at 15 pounds pressure for 20 minutes and the 
two portions used for the experiment reported in Table 6. 


Tahlk 6 .- — Results of nitrogen determinations on cultures of red-clover bacteria 
grown in heated and, unhealed clover -extract media 


Medium and treatment 

Control, uninoculated. .... 
Without clover extract 

Clover extract , unheated 

Clover extract, heated 



The data show no difference in growth between the heated and un- 
healed media, both producing excellent viscous growths, roughly 
agreeing with the quantity of plant extract added. The analyses 
show no gains in nitrogen worthy of note. It is true that with the 
largest quantity of plant extract added the analyses show an average 
of about 0.9 mgm. of nitrogen increase, but considering that in this 
case a large quantity of nitrogen was present, the 0.9 mgm. is scarcely 
significant. Since these results w r ere obtained the writer has had oc- 
casion to make many analyses of plant extracts and is thoroughly 
convinced that a variation of 1 mgm. nitrogen is not significant where 
as much as 35 mgm. N is present. Duplicate analyses commonly 
agree more closely than this for uninoculated material, but not after 
a considerable portion of the nitrogen in the medium has been con- 
verted into miscellaneous forms as a result of bacterial growth. It 
seems safe to conclude that probably no nitrogen fixation took place 
in this experiment, particularly in view of the fact that it was only 
in those flasks which contained perhaps five times as much combined 
nitrogen as the bacteria needed that the small increases were secured. 
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NITROGEN-FIXATION STUDIES WITH RED-CLOVER ORGANISM GROWING ON A SAND 

SLOPE 

An experiment was next started to test the rather generally ac- 
cepted idea that Rhizobia fix more nitrogen if the small quantity 
fixed is constantly removed, as is commonly believed to occur in the 
nodule. In order to do this a glass tube about 1.5 inches in diameter 
and 15 inches long was fitted with rubber stoppers, the lower contain- 
ing one hole and the upper two holes, through which glass tubes 
passed. This was filled about one-third full of quartz sand, the tube 
being placed in a slightly elevated position with the sand extending 
from end to end. After sterilization, a culture of red-clover bacteria 
was introduced and the apparatus kept at room temperature. 
Through one of the two tubes at the upper end was constantly sucked 
a very slow stream of air which passed over the sand rather than 
through it. To the other tube was attached connections for deliver- 
ing Ashby’s nutrient solution, containing 1 per cent mannit. Twice 
daily during the course of the experiment 25 to 50 c. c. of the nutrient 
solution was allowed to run on to the upper part of the sand layer. 
Three liters of this solution w T ere used, analyses for total nitrogen being 
made on each 750 c. c. portion as it came through, and finally of the 
sand. The analyses showed gains of 0.02, 0.07, 0.14, and 0.27 mgm. 
N, respectively, for the four portions, or a total of 0.5 mgm. The 
analyses of the sand showed no nitrogen. Practically no growth, 
outside of a trace of gum formation, was observed during the 25 days 
duration of the experiment. This was to be expected for a nitrogen- 
free medium in case no nitrogen was fixed. 

The experiment was repeated, using Ashby’s medium containing 
1 per cent sucrose instead of dextrose. The analyses made at 
three intervals showed —0.10, 0.37, and 0.20 mgm. N fixed and no 
nitrogen in the sand. Considering the bulk of solution used and the 
general procedure followed, the results would seem to be within 
experimental error and to indicate further that the organism probably 
does not fix much, if any, nitrogen independent of the host. 

NITROGEN-FIXATION STUDIES IN CARROT EXTRACT BY STRAINS OF RHIZOBIA 

Since previous experiments had shown that the legume bacteria 
grow well only when in a medium containing fixed nitrogen, par- 
ticularly certain plant extracts, it seemed desirable to run additional 
experiments using such media. For these experiments, therefore, a 
carrot-extract medium was selected This was prepared by boiling 
the roots, after passing them through a meat chopper, for a half hour 
in 2 parts of water to 1 of carrots. The extract was filtered and the 
clear filtrate added to 100 c. c. portions of Ashby’s medium, at the 
rates of 5 and 25 c. c. The Ashby’s solution in this case contained 2 
per cent sucrose. After sterilization, different culture flasks were 
inoculated with 20 cultures of nodule bacteria. In order to insure 
that conditions were optimum for growth and fixation, two flasks were 
also inoculated with Azotobader vinelandii. Because of the large 
number of cultures used, duplicate inoculations were not made. After 
incubation for 14 days, analyses for total nitrogen were made, these 
being given in Table 7. 
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Table 7. — Results of nitrogen determinations on cultures of Rhizobium grown on 
Ashby’s medium containing 2 per cent sucrose and varying quantities of carrot 
extract and incubated for 14 days 



5 c. c. carrot extract added per 

25 c. c. carrot extract added per 

Culture 

100 c. 

e. 


100 c. 

c. 


Growth observa- 
tions 

N 

N fixed 

Growth observa- 
tions 

N 

... 

N fixed 




Mgm. 

Mgm. 


Mgm. 

Mgm. 

Kidney bean. 

Fair 

2. 12 

— 0. OK 

Very good 

do ... 

10. 94 

-0. 06 

Garden pea „ — 

do. . 

2.27 

.07 

11. (18 

.08 

Lima bean 

do- 

2. 17 

-.03 

Good 

10. 09 

-.31 

Garden pea . ... 

Slight— 

i Fair 

2. (10 

- . 14 

do 

10.47 

53 

Cow pen 

2. HO 

. 10 

Fair 

10. 74 

20 

Crimson clover. 

do . . . . . 

2. 40 

. 20 

Verv good 

11.24 

.24 

Soybean 

do 

2.H2 

. 12 

Fair 

10. 09 

-.31 

Cowj)ea - 

Red olover.. 


2 19 

— (M 

do 

10. 7K 

— . 22 

■ Good. . 

2. 15 

-.05 

Very good 

10. K9 

-.11 

Sweet clover. . ... 

Fair 

2. 14 

-.00 

do... 

11.27 

.27 

Vetch 

do. 

2. 12 

-.OK 

do 

1C. 30 

— . 04 

Trefoil.. 

' Good 

2. 15 

—.05 

do. . ... 

11.03 

. 03 

Sulla 

Fair 

2. 11 

-.09 

do. 

10.47 

~. 53 

Japan clover. 

Good.. 

2. 14 

-.06 

Good. 

10. 7K 

-.22 

Alfalfa. 

Fair 

2. 20 

.0 

do._ 

10. 75 

-.25 

Soybean 

do 

2. 15 

-.05 

do. 

10.43 

-.57 

Do 

do 

2. JH 

-.07 

Very good. 

10.40 

-.00 

Velvet bean 

do. . 

2. 23 

.03 

Good — . ..... 

10. 90 

-.04 

Garden bean 

do. 

" 2.20 

.0 

Very good . 

10.98 

-.02 

Yellow clover 

Good 

2. 25 

. 0f> 

do 

11.53 

. 53 

Azotobacter vinelandii . 

do 

8. 42 

0. 22 

| . do. 

i 19. 32 

8. 32 

Control un inoculated 


2. 33 



10. 90 


Do 

■ 

2.07 


i 

1 

1 11.(3 




It will bo observed that regardless of the fact that nearly all of 
the cultures of the legume organisms made good growths on the 
medium used, there is little or no indication that any nitrogen fixa- 
tion took place. Decreases were more common than increases. 
These decreases probably do not represent actual losses of nitrogen 
but merely that the bacterial growths so changed the form of nitrogen 
present that the Kjeldahl method failed to get all of it. This is 
common when dealing with plant extracts, and again merely empha- 
sizes the fact that any gains obtained on plant extract or similar 
media must be relatively large if the data are to be given serious 
consideration so far as proving that the bacteria can use atmospheric 
nitrogen. 

The nitrogen-fixation rate, as shown in Table 7, was about as ex- 
pected in the case of Azotobacter vinelandii. The fixation would 
probably have been slightly larger had it not been for the fact that 
the carrot extract contained considerable nitrogen. The fact that, 
the fixation was 2.1 mgm. N higher where the larger quantity of 
extract was present shows that the added nitrogen did not greatly 
interfere with the fixation process. It indicates, further, that the 
Azotobacter used the carbohydrates present in the extract for growth 
and fixation. 

An experiment, similar to the one reported in Table 7, was next 
carried out using Ashby's medium containing various quantities of 
carrot extract and sucrose. A culture of nodule bacteria from yellow 
clover was used for inoculation; also one of Azotobacter trinelandii for 
comparison. The analyses, made after 23 days, are given in Table 8. 
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Table 8. — Results of nitrogen determinations on Rkizobium and Azotobacter 
vinelandii cultures grown on Ashby J s medium containing varying quantities of 
sucrose and carrot extract and incubated 23 days 


Culture 

Additions to Ash- 
by’s mineral me- 
dium per 100 c. c. 

Growth observa- 
tions 

Carrot, 

extract 

Sucrose 


a c. 

Gm. 



10 

0 

Good 


10 

0 

do 


2f> 

0 

Very good 


25 

0 

do 


10 

. 5 

Good 


10 

.5 

do 


25 

. 5 

Very good 

Yellow clover. _ 

2 5 

. 5 

do i 


10 

1.0 

Good 


10 

1.0 

do 


25 

1.0 

Very good. 


25 

1.0 

do 


10 

2.0 

Good 


10 

2.0 

do 


25 

2.0 

Very good 


25 

2.0 

do... 


10 

0 

Fair 


10 

0 

do 

A. vinelandii 

25 

0 

Good 


25 

0 

do 


25 

2. 0 

Very good 


25 

2.0 

do 


10 

0 


Control, uninoculated 

10 

0 



25 

0 

! 

J 

( 25 

0 



N 

Average 

N 

N fixed 

Morn. 

Mgm. 

Mgm. 

4. 27 
4.23 

1 4. 25 

-0.08 

10. 62 
10. 63 

} 10. 03 

-.03 

4.31 

4.25 

J 4.28 

-.05 

10. 67 
10. 58 

J 10.63 

-.03 

4.24 

4. 23 

\ 4.24 

-.(‘0 

10. 33 
10. 62 

| 10. 48 

-. 18 

4. 00 
4.34 

1 4.20 

-. 13 

10. 32 
10.67 | 

} 10. 50 

-. 16 

6. 20 

5. 76 

1 6. 03 

j 

1. 70 

12. 78 
15.20 | 

j 14.04 

3. 38 

18.60 ! 
20.00 j 

\ 10. 35 

8. 60 

4.35 j' 
4.30 ! 

} 4. 33 


10.70 f 
10.02 

j 30. 66 1 



The duplicate analyses check very closely, considering that a con- 
siderable quantity of plant-extract nitrogen was present, and again 
show no fixation of free nitrogen regardless of the fact that the growth 
was exceptionally good. Under the same conditions Azotobacter 
vinelandii fixed nitrogen at a normal rate. 

Considerably more data similar to that discussed could be given if 
space permitted. All of these figures bring out the fact that it is 
impossible to secure very closely agreeing analyses of bacterial cul- 
tures growing on plant-extract media. A summation of the negative 
and positive results gives a figure near zero but with a slight difference 
on the negative side. All of the evidence shows that the legume 
organism under these conditions does not fix nitrogen but merely 
uses that present in a combined form in the plant juice for its growth. 
In fact, the main explanation for the increased growth of nodule 
bacteria on plant-extract media is the presence of the nitrogen, 
probably in a particularly suitable form. 

NITROGEN-FIXATION STUDIES WITH MEDIA CONTAINING VARIOUS COMBINATIONS 

OF INGREDIENTS 

Numerous experiments conducted during the course of these in- 
vestigations showed that the presence of carrot extract, soil extract, 
or asparagine in media was favorable to the growth of the nodule 
bacteria. In some cases manganese salts seemed to be stimulating. 
In order to find out if increases in nitrogen occurred in media con- 
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taining these materials, it was decided to test out various combina- 
tions of these constituents added to media in quantities that previous 
experiments had shown would be favorable. Just prior to starting 
this experiment a sample of “bios” was obtained from W. H. Eddy 
and included in the study. The reason for including the bios was 
the fact that it is known to be an excellent growth promoter for yeast, 
and, furthermore, chemical studies with plant extracts had indicated 
that the stimulating properties of these for Rhizobia might be due 
partly to their bios content. The various materials were added to 
Ashby’s solution, containing 1 per cent dextrose, sterilized, and in- 
oculated with red-clover bacteria. The analyses for total nitrogen 
made at the end of 10 days are given in Table 9. 


Table 9. — Results of nitrogen determinations of Rhizobia cultures grown in Ashby's 
media containing bios and other additions and incubated for 10 days 


per 100 v. e. media 


Bios 

Mnl.’b 

Carrol, 

Soil 

Mgm. 

Mgm. 

C. c. 

r.c. 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

10 

0 

0 

0 

0 

10 

. 25 

0 

0 

0 

0 

0 

0 

0 

0 

10 

10 

0 

0 

10 

0 

10 

. 25 

10 

0 

0 

0 

.10 

0 

0 

0 

0 

10 

10 

0 

0 

10 

0 

. 25 

0 

0 

10 1 

0 *" 

0 

o 

10 ; 

0 

10 

10 

10 ; 

0 

10 

10 

0 

. 25 

10 

0 

10 

o' ~ 

1 10 

0 j 

j 10 

. 25 

10 

0 j 

0 

0 

0 

10 

10 i 

. 25 

0 

0 

10 

0 

i 10 

10 

10 , 

. 25 

10 

10 ! 

10 

i 0 

0 

0 

0 

0 

0 

0 

0 

(i 

0 

10 

0 

0 

0 

10 

0 

0 ; 

0 

0 

10 

0 

0 

0 

10 j 


Aspara- 

gine 


Mgm. 


23 

o 

0 

0 

23 

0 

23 

0 

23 

0 

23 

0 

23 

23 

23 

23 

23 

23 

23 

23 

0 

0 

0 

0 


Growth observations 

N 

N llxed 





Mgm. 

Mgm. 

Slight 

0 

0 

do . _ _ 

(> 

0 

Fair 

3. OH 

-.00 

do 

. 22 

-.02 

Slight . 

0 

0 

Fair . 

4. 37 

-.08 

do. ... . 

3.20 

.03 

do . . 

. 24 

0 

Slight . 

. 04 

.04 

Fair . . 

4. 48 

. 03 

Good - 

3. 38 

-.03 

do 

7.44 

-. IS 

Fair 

.25 

.01 

do _ _ _ 

4. 47 

22 

Good 

3. 50 

. 15 

do 

7.49 

-. 13 

Fair 

. 25 

.01 

do 

4. 53 

-. 10 

do .... 1 

4. 32 

13 

Good . 1 

7. 00 

-.20 

Fair . ... - - 

4. 47 

- . 22 

Good 

7. 05 

-. 21 

do . ... .. 

7.01 

- . 25 


4.45 



4.44 



3. 19 



3. 15 



. 24 



. 24 






The last 0 cultures were uninoculated. 


It will be observed that the growth varied directly with the quantity 
of nitrogen present in the medium, there being practically no growth 
in a nitrogen-free medium, as is always the case with legume bacteria. 
No fixation occurred in any of the media, all of the results being 
within experimental error. Aside from nitrogen fixation the results 
show, further, that Eddy’s bios was without appreciable effect, 
whether tested in the presence or absence of available nitrogen. 
Practically the same can be said for manganese chloride under the 
conditions used. Soil extract, asparagine, and carrot extract all 
increased the growth, due chiefly to their nitrogen content. 

85270—29 2 
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NITROGEN-FIXATION STUDIES WITH RED-CLOVER BACTERIA GROWN IN SPINACH 

EXTRACT 

Among the plant extracts which previous work (7) had shown to 
be especially good in promoting growths of Rhizobia was spinach. 
An experiment was therefore started to determine if this increased 
growth meant a fixation of atmospheric nitrogen. Both hot and cold 
water extracts were prepared, the hot-water extract being made by 
passing 215 gms. of green spinach through a meat chopper, adding 
water, boiling one hour, filtering, and making up to 1,300 c. c. The 
cold-water extract was prepared in the same manner except for the 
absence of heat. These extracts were added in various proportions 
to Ashby’s medium wdth and without calcium carbonate and sucrose. 
The sterilized media in 300 c. c. culture flasks were inoculated with 
a pure culture of red-clover bacteria and allowed to incubate for 18 
days at 28° C. before analysis. The results are given in Table 10. 

Table 10 . — Results of nitrogen determinations on cultures of red-clover bacteria 
grown on Ashby’s medium containing spinach extract , and other additions and 
incubated 18 days at 28° C. 


Additions to Ashby's medium in quantities per 100 e. c. media 


Spinach extract 

0 


5 c. c. cold 

10 e. c. cold 


25 c. c. cold... 

50 e. c. cold 


75 c. c. cold 



. 


100 c. c. cold 

5 c. c. hot.. 

10 c. c. hot.. 

25 c. e. hot . 

50 c. c. hot. 

75 e. c. hot 

ICO c. c. hot. 

25 c. c. cold ..... . .. . . 

25 c. c. cold 

5 o. c. hot 

10 c. c. hot 

25 c. c. hot 

50 c. c. hot 

75 c. c. hot 

10C c. c. hot 

25 c. c. hot 

Q». 

50 c. o. hot 

50 c. c. hot 

50 c. c. cold 

50 c. c. cold 


CaOOs 


Om 


Sucrose 


Gin. 

- 1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0 
0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0 

1.0 

0 

0 

0 

0 


Growth observe- 

N 

N fixed 

tions 


Mg in. 

Mgm. 

Slight 

0. 09 

0. 09 

Fair „ _ . 

1.48 

.08 

do 

2. 74 

-.00 

Good.... 

0. 72 

-.29 

Verv good 

13. 20 

-.70 

Doubtful 

20. 91 

-1.99 

do.. 

25. 51 

-2.41 

Fair 

1. 17 

. 14 

do. . 

2. 18 

. 17 

Good. . 

5. 50 

.57 

Very good. . j 

9.03 

-. 17 

do J 

14. 59 j 

-.08 

Good. . . 

18.02 

-1. 58 

Doubtful 

5.90 

-1.11 

do. , . 

5. 80 

-1. 15 

Fair 

1. 14 

. 11 

do 

2. 10 

. 15 

i Good... 

5. 28 

. 35 

Very good 

10. 03 

.23 

do 

15. 13 

. 40 

do 

19. 83 

.29 

Fair . . . ... 

4. 53 

-. 37 


0 


9. 87 



9. 73 



14.02 



14.02 





1 The last 5 cultures were uninoculated. 


These data furnish little evidence that the nodule bacteria can use 
free nitrogen. A few slight gains in nitrogen were obtained but the 
losses were considerably greater. Evidently the bacteria obtained all 
of the nitrogen needed from the plant extract. 

COMPARISON OF MEDIA FOR THE GROWTH OF VARIOUS STRAINS OF RHIZOBIA 

An experiment to compare nitrogen fixation, if any, by Rhizobia 
grown in solution and on agar, using three media, was started. The 
solution cultures were grown in 100 c. c. portions of media in 500 c. c. 
Erlenmeyer flasks for a period of 39 days. The agar cultures were 
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made in Petri dishes, but were not analyzed because of the numerous 
fungus contaminations which occurred. The solution cultures were 
analyzed for total nitrogen, however, and these data are given in 
Table 11. 


Table 11 . — Results of nitrogen determinations on Rhizobia cultures grown on 
various solution cultures and incubated for ttO days 


Medium 

Culture 

j Growth obser- 
j vations 

i 

v Average 

; N 

N fixed 



| i 

Mgm. Mgm. 

Mgm. 


Red clover 

do. 

Slight 

do i 

0.<« 

0. 15 

Greig-Smith’s with CaCth; 

Soybean. 

do. 

::«} 

.07 

I )extrose 2 per cent Na2l I P(>4, 

...do... 

1 do 

0.2 per cent ChCOj 0.5 per 

Alfalfa... 

. do 

•«* 

.09 

cent. 

do. . 

do ....... 


Sulla... . .. 

do 

. :<r, 1 .... 

.05 


t ...do... 

do 

Lost, if 


Red clover. . 

... Fair 

•33 i 3S 

.01 


do 

. _ ....do 


Soybean 

do.. ... 

:in ■« 

.10 

Ashby's with 2 per cent dcx- 

..do 

. do.. 

trose. 

Alfalfa 

. . . do 

<lo . : 

j do. 

:$il * 39 

.05 


Sulla. ... 

do 

. 30 ii or 

.01 


.. .do . 

.... ..do. 

.34'!' i 


Red clover. 

.. do 

..f-Uood — 

.do. .... 

12. 95 i\ ,wi j 

13. 23 jj 

.27 


Sovbean 

Slight. 

Lost, .... . | 


Ashby's with 2 per cent dextrose, i 
plus spinach extract. ; 

...‘.do . .... 

Contaminated.. . _ 



| Alfalfa. 

j . .do 

; Fair 

do . . 

”12' 52" r ,,, rn ! 
12.48 f ^■' ,0 i 

-.32 


Sulla 

I . .do 

Good 

.do.. 

IUM «■»! 

■?. ) .31 i 

■a . 1 

. -.02 

Control, uninoculated; Greig- 




Srnith's. 





Control, uninocuhited; Ashby’s.. 

■ ■■ 


.34 / -* 11 , 

13.01 . 


Control, uninoculated; Ashby’s 
with spinach. 

■' 


12.77 1 


j - 


1 H :™!} I2 - 82 




" 1 



The results merely substantiate data previously given and show 
no fixation by any of the four cultures of Rhizobia grown on the 
three media, the variations being within experimental error. Dupli- 
cate determinations failed to agree quite as closely in this experiment 
as in most of the others given in this paper, but the variations between 
duplicates were in only one case greater than 0.28 mgm. nitrogen. 
Unfortunately four of the determinations were lost due either to 
breakage of flasks or contamination of cultures. 

USE OF VARIOUS CARBOHYDRATES BY RHIZOBIA 

Most of the experimental work with legume-nodule bacteria, 
reported above, w T as conducted in nutrient media containing dextrose 
as the source of energy. In some cases miscellaneous carbohydrates, 
found in various plant juices, have also been present in varying per- 
centages. In other experiments, not reported here, the growth of 
the organism on other sugars, including the hydrolyzed products of 
starches, gums, cellulose, and miscellaneous materials, has been 
determined. Practically all of these mixtures served as suitable 
energy sources but seemed to be no better than any one of the four 
sugars commonly used, namely, sucrose, dextrose, mannit, and mal- 
tose. As an additional check on this, and also in order to determine 
if nitrogen fixation occurs with any of the carbohydrates, the experi- 
ment reported in Table 12 was conducted. Four media were used: 
(1) Ashby’s minerals with the various energy sources, (2) Ashby’s 
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with 0.05 per cent potassium nitrate for the purpose of serving as a 
check on growth, (3) Ashby’s with 0.2 per cent egg albumen, and (4) 
Ashby’s with 0.2 per cent egg albumen and 0.05 per cent potassium 
nitrate. The reason for the use of the albumen was that in rather 
extensive studies, not yet reported, it was found that a certain com- 
mercial egg albumen served to increase the growth of certain strains 
of Rhizobia, provided an available form of nitrogen was also present 
in the medium. In the absence of the fixed nitrogen the albumen 
had very little effect. It seemed, therefore, that this would be an 
ideal method of testing the organism for nitrogen-fixing powers and 
far superior to the use of a plant extract of variable composition. In 
Ashby’s solution containing certain brands of commercial egg albu- 
men and nitrogenous salts the conditions for the growth of some 
strains of Rhizobia seem to be nearly ideal and in many cases superior 
to plant-extract media. It was further determined that the egg 
albumen was not used to any appreciable extent, if at all, by the 
bacteria. Apparently either the impurities present or the physical 
properties of the albumen were responsible for tin* beneficial effects 
on bacterial growth. By omitting all available forms of nitrogen it 
would seem that conditions would be ideal for fixation if the organism 
possesses this ability. As a check on the culture work a series of 
flasks was also included in which both egg albumen and potassium 
nitrate were present. The cultural methods used were the usual 
ones, the culture being a red-clover organism which was grown in 
100 c. c. of the various media containing 1 per cent, of the carbo- 
hydrate. After incubation at 28° C. for a period of 65 days the egg 
albumen series was analyzed for total nitrogen. Analyses were not 
made on the series containing Ashby’s nitrogen-free medium because 
the growth w as almost negligible in all cases. Neither were analyses 
made on the other two series, containing nitrogen, carried along 
largely for comparison. The observations and data are given in 
Table 12. 


Table 12 . — Remit a of nitrogen determinations on cultures of the red-clover strain 
of Rhizobia grown on different media in the presence of various carbohydrates 





Ashby’s medium with 

0.2 per 

Ashby’s rnedi- 


Ashby’s nitro- 
gen-free medi- 
um, growth 
observations 

Ashby’s medi- 
um with 0.05 

cent egg albumen 

um with 0.2 
per cent egg 

Carbohydrate 

percent KNO 3 J 
growth obser- 
vations 

Growth obser- 
vations 

N 

N fixed 

albumen and 
0.05 per cent 
KNO 3 , growth 






observations 





Mgm. 

Mgm. 

Very good. 

Dextrose, commercial- 

Slight 

Good. . 

Fair 

25. 00 

0. 19 

Sucrose, commercial _ _ 

.. ...do 

do 

..do ... 

25. 09 

.28 

Do. 

d-Mannitol, c. p 

do 

do 

do 

24. 96 

. 15 

Do. 

Lactose, c. p . 

. do 

Fair 

.do . .. 

24. 65 

-. 16 

Do. 

d-mannose, c. p . . . 

do 

do 

.... do 

24.96 

. 15 

Do. 

1-arabinose, c. p 

do... 

Slight 

. ..do 

24. 73 

-.08 

Good. 

1-xylose, c. p. ... . ... 

. do 

do 

.do 

24. 52 

-.29 

Do. 

d-galaelose, e. p. 

do 

Fair... 

... .do 

24. 70 

-.11 

Do. 

Rafflnose, c. p „ 


do 

Slight 

24.96 

. 15 

Do. 

Maltose, c. p 


Contaminated 

Fair i 

24.96 

. 15 

Very good. 

d-glucose, c. p 

Glycerine, c. p 

Dextrin, commercial ... 

1 do 

I Fair . 

do 

25. 09 

.28 

Do. 

1 do 

! do ... 

.. ...do.. 

24. 79 

-0.2 

Do. 

do 

1 do 

do __ 

Lost. 


Do. 

Soluble starch (Lint- 

No growth 

No growth 

No growth 


No growth. 

ner). 




Starch, commercial. 

do.... 

do 

do 1 


— i 

Do. 

Gum arable 

do 

do . . 

. do 



Do. 

Control for analysis. .. 




24.89 


Do 




24.59 



Do.., •. 




24. 95 
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The results of the analyses were all within experimental error, with 
the slight apparent gains in a few instances approximately balancing 
the slight losses obtained in others. With conditions ideal for 
growth, except for the absence of a supply of available nitrogen, no 
fixation occurred. All of the carbohydrates used, with the exception 
of starch and gum arabie, apparently served as suitable sources of 
energy. This statement is, however, based on observations only, 
since no sugar determinations were made. 

NITROGEN-FIXATION STUDIES WITH LEGUME-NODULE BACTERIA GROWING ON 

AGAR 

In some of the investigations which have been reported in the litera- 
ture showing nitrogen fixation by Khizobium, the cultures were grown 
on agar media. In general, the observations indicated that the 
growth was better under such conditions than where the organisms 
were in solution cultures, and the fixation in some instances w T as re- 
ported as greater. These findings would seem to be logical in case 
the organism fixes nitrogen, because on the host plant the organisms 
are not submerged in water. The root nodules are normally exposed 
to the soil air; in fact, when submerged for any great length of time 
t hey usually cease to function, or at least fixation proceeds at a slower 
rate. The writer has frequently observed that the organisms on agar 
cultures often seem to grow much better in the laboratory than do 
those in solution cultures, but this may be merely because the organ- 
isms and the gum are more apparent on agar. Certainly the organ- 
isms die out sooner in solution. 

A preliminary experiment was started, wdiich need not be reported 
in detail here, using three, media and four cultures of Rhizobia. 
These cultures were made in Petri dishes and also in some large 
fiat-bottomed culture dishes, similar in shape to Petri dishes. A 
large number of these became contaminated w r ith fungi before the 
end of the incubation period. The uncontaminated cultures, practi- 
cally all of which showed excellent growth with good gum formation, 
were analyzed for total nitrogen and the results were so near those for 
the uninoculated control as to be within the limits of experimental 
error. 

Another experiment was then started, using Ashby’s medium to 
which w T as added 15 gin. of dextrose and 10 gm. of agar per liter. 
Three-liter Erlenmeyer flasks were us(Al as culture flasks, each con- 
taining 100 c. c. of the medium. A culture of alfalfa bacteria was 
used for inoculation. After incubation for 48 days at room tempera- 
ture, total nitrogen determinations were made. These are given in 
Table 13. 


Table 13 . — Results of nitrogen determinations on cultures of alfalfa bacteria grown 
on a solid agar medium and incubated at room temperature for J+S days 


i 

Culture 

Growth 

observa- 

tions 

N 

A verane 
N 

N fixed 

Control, un inoculated. . - - 


Mgm. 

2. 73 
2.84 
2.73 

2. 09 

2. 82 
2.84 

^fgm. 

1 2. 75 

Mgm. 



Alfalfa bacteria, 

Good 

1 

1 2.87 

0. 12 


2.96 

1 
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The average gain in nitrogen was in this ease 0.12 mgm. N, which 
is not enough to be significant. It seems that the organism was able 
to secure enough nitrogen from the agar to make a rather good grow th. 
The actual mass of bacterial cells produced was probably much 
smaller than might be expected from a casual glance at the gummy 
cultures. 

A repetition of the experiment, reported above, was then started, 
using five cultures of legume bacteria. The medium used was 
Ashby's with and without calcium carbonate at the rate of 2 gm., 
dextrose 20 gm., and agar 10 gm. per liter. Three-liter flasks, con- 
taining 100 c. c. of the above media, were used as culture flasks. 
These were kept at room temperature for 33 days and analyses then 
made for total nitrogen. These figures are given in Table 14. 

Table 14 . — Results of nitrogen determinations on cultures of several strains of nodule 
bacteria gro wn on an agar medium and incubated at room temperat ure for 33 days 


Culture 

Calcium 

carbonate 

added 

Growth 

observations 



Grains 




per 

100 c. c. 



! 

f (). 2 i 


Control, nninocnlated _ 

1 0 : 




1 V 

Good. I 

Red clover 


1 ; 

do. . . .j 



1 0 

"Fair .. 



r .2 

Good | 

Sweetclover 


\ .2 ; 

.. . .do 



i 0 1 

Fair . 



. 2 i 

do. 

Soybean 


2 \ 

do 



0 ! 

do. 



.2 

Good . . . . 

Alfalfa 


| . 2 

do. 



l 0 ; 

do 

Winter nea 


l i 

1 . | 

Fair ...... 

do 



Average 

N 


Mgm. 

3.03 ] 

2.98 \ 

3.04 j 
2.80 \ 

3.04 j 
2. 94 
2.80 \ 

2.93 / 
2. 93 
2.91 \ 

3.04 | 
2. 94 

2.93 \ 

3.04 / 

2.98 

2. 93 
3.00 


Mgm. j 
3. 02 

2. 95 
2. 91 

2. 90 

2.93 j 

2.98 | 

2.94 S 

2.99 | 
2.98 I 
2.93 i 

3. 00 j 


N fixed 


Mgm. 


-0. 07 
-.08 
-. 12 
- . 09 
-.04 
-.08 
-.03 

-.04 
-. 10 
-.03 


The conclusions to be drawn from these results are essentially the 
same as from Table 13. The analyses checked exceptionally closely, 
the variations between the extremes being only 0.18 mgm. N. Cer- 
tainly these results are within experimental error and again demon- 
strate that under the experimental conditions no free nitrogen was 
fixed by any of the five strains of bacteria. Good growths, con- 
sidering the medium used, were obtained with three of the cultures 
and fair growths with the other two. The agar used was a well- 
purified sample, but presumably the bacteria were able to obtain 
some available nitrogenous material from it. 

As a further test of the nitrogen-fixing power of nodule bacteria 
another experiment was conducted, using Ashby’s mineral solution 
with the addition of 1 per cent mannit and 1 per cent agar. This 
medium was added to 3-liter Erlenmeyer flasks at the rate of 200 c. c. 
each and sterilized. Ten pure cultures of nodule bacteria were used 
for inoculation; also a culture of Azotobacter vinelandii for comparison. 
The cultures were incubated at 28° C. for 32 days, after which 
analyses were made by the Kjeldahl method, using mercury as a 
catalyst in digestion and sodium thiosulphate for the precipitation 
of the mercury prior to distillation. Table 15 gives the growth ob- 
servations ana final analyses. 
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Table 15. Results of nitrogen determinations on cultures of Rhizobia, and of 

A zotobacter vinelandii , grown on thin agar layers and incubated at 28° C. for 
32 days 


Culture 

Growth observations 

Soybean 


Clover. . .. .. . 

Good, very gummy 

Pea ... . 

Fair 

Kidney bean . ... 

do. .. 

Alfalfa 


Lespedosa.. 

Slight 

Velvotbeun 

Fair 

Dalea. ...... 

Good . 

Sulla.. . . .. . .! 

! do ... 

1 

Sweetclover . _j 

Fair _ 

A. vinelandii... . j 

Very good ... 

i 

i 

Control, uninoculated ! 


_ 1 




N 



Average 

N 

N fixed 


Mgm. 

Mgm . 

Mgm. 

f 

3. G7 

} 


3. 50 

\ 3.62 

0.09 

i 

3. r>4 

J 


f 

3. 49 

1 


\ 

3. 42 

j- 3. 49 

-.04 

l 

3. 56 



1 

< 

3. 40 

3. 47 

-.00 


3. 50 , 

I 


[ 

3. 58 ' 

] 


) 

3. 58 : 

\ 3. 51 

-.02 

\ 

3.37 | 

) 


1 

\ 

/ 

i 

3.51 
• 3.44 

} 3.48 

-. 05 

3. 51 
3.44 I 

| 3. 48 

-.05 

/ 

l 

3. .50 i 
3.03 j 

} 3. 57 

.04 

f 

1 

/ 

1 

3.02 
3.54 ! 

} 3. 58 

.05 

3.40 | 
3.07 ! 

\ 3. 54 

) 

.01 

f 

1 

3.39 : 
3.59 

} 3. 49 

-.04 

f 

21.20 
17. 30 

| 19. 28 

15. 75 


3.05 ; 



i 

3.51 j 




3.54 

J 3. 53 



3. 50 


1 

3.40 ; 




The organisms made good growths in most cases, considering that 
they were grown under nitrogen-starvation conditions. The term 
“good” as used in the table may be misleading, however. In no case 
was a growth obtained comparable to those ordinarily secured in a 
medium containing adequate nitrogen. In this case good simply 
means that the organisms produced a glistening layer of gum on the 
surface of the agar. Actually the organisms were not making an 
abundant growth such as would be produced on a suitable plant 
extract or similar medium. 

The evidence in Table 15 shows very conclusively that no nitrogen 
was fixed by any of the 10 strains of Rhizobia. All results were 
within experimental error. On the other hand, A zotobacter vinelandii 
fixed an average of 7.87 mgm. N per gram of mannit. This is excep- 
tionally high and is the largest fixation per unit of sugar ever secured by 
the writer with an Azotobacter culture. The fact that the medium and 
growing conditions were so exceptionally favorable for nitrogen fixation 
makes the negative results with Rhizobia seem all the more significant . 

NITROGEN-FIXATION STUDIES ON SOIL-EXTRACT MEDIA 

A review of the work that has been done with legume-nodule 
bacteria brings out the fact that these organisms respond in many 
cases to low concentrations of certain mineral elements not ordinarily 
added to synthetic nutrient media. Several experiments were made 
to test out this point with various concentrations of elements, such 
as Cu, Mn, B, Zn, Pb, etc. There was little to indicate, however, 
that such elements play an important role in nitrogen fixation by 
nodule bacteria growing in culture flasks. It is true, though, that 
soil-extract media, which contain traces of many mineral salts, have 
been reported as favorable to growth and to fixation by the legume 
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bacteria. Such extracts contain appreciable quantities of nitroge- 
nous salts, which might explain the increased growth effects, but there 
still seems to be evidence that the mineral constituents present also 
increase nitrogen fixation by Rhizobia. In fact, soil-extract media 
have been more or less generally recognized as the best to use in 
demonstrating the nitrogen-fixing power of these bacteria. Several 
experiments were, therefore, conducted to determine if the nodule 
bacteria can fix nitrogen when growing in such media. In all of the 
experiments which follow the soil extract was prepared by auto- 
claving the soil for one hour in the presence of a few grams of calcium 
carbonate and 2 parts of water to 1 of soil by weight. Enough addi- 
tional water was used to leach out the soil on the filter to make the 
final weight of soil extract twice that of the original soil. 

The medium used in the first experiment consisted of soil extract 
added in various proportions to a mineral-sugar medium containing 
1 per cent mannit, 0.05 per cent K 2 HP0 4 , and 0.1 per cent CaCO a . 
The experiment was carried out in 500 c. c. Erlenmeyer flasks, each 
containing 200 c. c. of the soil-extract medium. Six strains of 
Rhizobia were used for inoculation, the analyses for total nitrogen 
being made after an incubation period of 21 days. Tests for nitrate 
nitrogen in the soil extract were made, but the quantity present was 
too small to affect the Kjeldahl analysis, hence the ordinary method 
of analysis using K 2 S0 4 and CuSC) 4 was used. The results of these 
nitrogen determinations, together with the observations of growth, 
are given in Table 16. Duplicate determinations were not made in 
this case because of the large number of variables introduced. 

Table 16. — Results of nitrogen determinations on cultures of nodule bacteria 
grown on a mineral-sugar medium containing soil extract and incubated 21 days 


Culture 


Red clover 


Crimson clover. 


Alfalfa. 


Soybean 


Cowpea. 


Vetch, 


Growth 

observations 

Nitrogen 
content of 
storile 
media 

N itrogen 
content of 
inocu- 
lated 
media 

Slight 

Fair 

do 

Good 

Very good ... 

do 

Slight 

do 

Mgm. 

0 

.83 
1.66 
j 3. 32 

8. 30 
16. 60 

0 

. 83 

Mgm. 

0 

.88 
1.61 
3.14 
8.56 
16.52 1 
0 

.86 

Fair J 

1. 66 

1.61 

do 

3. 33 

3. 52 

Good i 

do ! 

8.30 | 
16.60 1 

8. 65 
16. 72 


N itrogen 
fixed 


Mgm. 

0 

.05 
-.05 
-. 18 
.26 
-.08 
0 

.03 

-.05 

.19 

.35 

.12 


Slight.. 0 10 0 

Fair ! .83 i .91 .08 

....do I 1.66! 1.54 -.12 

Good I 3.33 ! 3.28 -.05 

Very good 8.30 8.34 .04 

do 16.60 16.25 -.35 

slight... o .03 .an 

do .83 .98 .15 

Fair 1.66 i 1.59 -.07 


do... 

3. 33 

3.44 

. 11 

do 

8.30 

7.82 

-.48 

do 

16. 60 

15.90 

-.70 

Slight 

0 

.07 

.07 

— do 

.83 

.97 

.14 

Fair 

1.66 

1.64 

-.02 

— do 

3. 33 

3. 48 

.15 

— do 

8. 30 

8.03 

-.27 

— do 

16.60 

16.40 

-.20 

Slight 

0 

.08 

.08 

Fair 

.83 

.89 

.06 

do i 

1.66 

1.35 

-.31 

Good 

3.33 

Lost. 


Very good 

8.30 

7.96 

-.34 

— do 

10.60 

16. 17 

-.48 



Dec. 15, 1929 Nodule Bacteria of Leguminous Plants 917* 

The results show that in most cases the growth of the organisms 
was roughly proportional to the nitrogen content of the medium in 
which they grew. This was particularly true for the red clover, 
alfalfa, and vetch strains. The cowpea and soybean cultures made 
poor growths, as is always the case with these strains. The analyses 
show no evidence to indicate that any of the strains could fix free 
nitrogen. A few slight increases in nitrogen were obtained, but in 
more cases losses were secured. The largest variations were usually 
where there w r as more nitrogen present than the bacteria needed. 
Evidently the stimulating effect of soil extract for nodule bacteria is 
primarily due to the nitrogen added. 


Table 17 . — Results of nitrogen determinations on cultures of Rhizohia grown on a 
modified Ashby's mineral solution containing various amounts of soil extract 



Quan* 

Incubated 18 days 


Incubated 31 days 




ti tv 









A ver- 
age N 

Culture 

of soil 
extract 

Growth 

i 

Aver- 
age N 


Growth 

I 

A ver- 
age N 

N 1 
fixed j 


per 

100 c. c. 

observa- 

tions 

N | 

N 

fixed 

observa- 

tions 

N | 

fixed 


C. r. 


A Igm. 

Mgm. 

Mgrn. 

i 

I 

Mgm . i 

Mgm. 

Mgm. 1 

Mgm. 


0 

0 

Slight, . 
..do 

0. (Mi 
13 

| - 0. 03 

-0. 03 

/Slight — 
l . .do 

-0.02 i 
-.04 ; 

-0. 03 

-0.03 

-0.03 


5 

...do 

, do 

-.01 

10 

| - .05 

-. 14 

/.-do 

1 do 

.08 j 
. 13 : 

.10 

1 

.01 : 

-.07 

Hed clover - 

10 

10 

Fair 

... .do 

-.02 
. 19 

] .08 

-.10 

/ Fair 

1 ..do ! 

!n 


— . 03 j 

-.07 


25 

25 

...do...,. 
...do 

•50 \ r 4 

.53 / 

.08 

1 . do 

1 — d»» — ; 

.48 I 
. 53 

• E0 

.01 

.06 


75 

75 

Good 

...do 

1. 52 
1.36 

| 1.44 

.07 

(Good ... 
L .do ! 

1.45 
Lost. 1 

1. 45 

.08 j 

.08 


0 

0 

Slight. ... 

. ..do 

. 12 

0 

} .00 

.00 

/Slight..-; 
\. do 1 

.07 

-.02 

[ .03 

.03 

.05 


5 

...do 

_do 

.11 
. 13 

.12 

.03 

l-.do 

Ldo 

.02 

-.09 

— 

-. 13 

-.05 

Cow pea, 

10 

10 

..do 

...do—.- 

(1 

. 08 

} .01 

14 

\.-do 

/-.do 

.20 

Lost. 

.20 

.02 

-.06 




25 

25 

Fair 

...do 

. 40 
. 57 

\ - 48 

.02 


.47 

.46 

.17 

.01 

.02 


75 

75 

. ..do 

---do 

!:£ 

} 1.52 

. 15 

{::'cio..::. 

1.46 

1.41 

{ 1.44 

.07 

. 11 


0 

0 

Slight. -- 
-do 

.02 

0 

| .01 

.01 

/Slight.- . 
l- - do 

-.01 

-.05 

| -.03 

-. 03 

-.01 

| 

5 

...do 

...do 

.07 
. 19 

} . 13 

.04 

/..do 

1. .do 

.02 

.11 

{ .07 

-.02 

.01 

Soybean 

10 

10 

Fair 

;.-.do 

. 35 
Lost. 

} .35 

. n I 

/Fair 

\..do 

. 17 
. 17 

( * 17 

-.01 

.08 




l 




25 

25 

I ..do 

..do 

.53 

.40 

} - 47 

.01 

/._do 

\..do 

’ .47 
.44 

| . 46 

0 

.01 


75 

75 

1 Good— 
...do 

1.27 

1.50 

} 1. 39 

.02 

/Good ! 

l-.do 1 

1.39 

1.47 

{ 1.43 

.06 

.04 


0 

0 

Slight... 
...do 

0 

.04 

} .02 

.02 

/Slight. .. 
\__do 

05 

-.08 

{ —°7 

-.07 

-.03 


5 

5 

...do 

—do 

.04 

0 

} .02 

-.07 

/_.do 

l-.do 

.04 

.06 

{ . 05 

-.04 

-.06 

Alfalfa 

10 

10 

— -do 

—do 

.07 

0 

} .04 

-. 16 

/..do 

l-.do 

Lost. 

.08 

{ .08 

-. 10 

-.13 





25 

25 

Fair 

...do 

.21 

.13 

} - 7 

-.29 

/Fair 

\„do 

.40 
.38 i 

{ .30 

-.07 

-. 18 


75 

75 

Good 

...do 

1. 56 
1. 15 

} 1.30 

-.01 

/Good 

l-.do 

1.38 1 
1.41 

{ 1.40 

.03 

.01 


50 

50 






.91 




Un inoculated... 






.89 




50 






.94 

j-VoI- 
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A second experiment dealing with nitrogen-fixing powers of various 
strains of Rhizobium was made in Ashby’s mineral solution containing 
2 per cent dextrose, 0.05 per cent K 2 HP0 4 instead of 0.02 per cent, 
and various quantities of soil extract. Two-liter Erlenmeyer flasks 
containing 100 c. c. of the medium were used for the culture work. 
The soil extract was prepared in the usual manner, except that the 
soil was first leached with cold water to remove the nitrates. This 
was done in order to avoid the necessity of using the much longer 
and more difficult reduction method for including nitrate nitrogen. 
While this method is accurate, the experimental error is usually 
larger, due to the longer procedure used. This is especially true 
where solutions are analyzed which contain materials, such as sugars 
or calcium carbonate, which cause frothing. Several comparisons of 
the Kjeldahl method, in which potassium sulphate, copper sulphate, 
and sulphuric acid were used in the digestion flask with the older 
method in which metallic mercury and sulphuric acid were used, 
seemed to give slightly better results on soil-extract media with the 
latter method. This method of analysis was, therefore, used in this 
experiment. Sufficient sodium thiosulphate was added prior to dis- 
tillation to precipitate the mercury. Analyses were made at the end 
of both 18 and 31 days, the results together with the observations of 
growth being given in Table 17. 

The growth of the four strains of legume bacteria was again roughly 
proportional to the quantity of nitrogen added in the soil extract. 
Practically no visible growths were secured on the media containing 
no soil extract, but fair to good growths were secured with the larger 
quantities of extract added. Duplicate nitrogen determinations 
checked unusually well, and the results, in general, show T even more 
conclusively than in previous tables that the nodule bacteria did 
not fix atmospheric nitrogen. The variations from the control are 
within experimental error with about an equal number of negative 
results as positive. In this experiment the medium used was ideal 
for the growth of Rhizobia except for the absence of sufficient fixed 
nitrogen. Thin layers of solution and large flasks were used to pro- 
vide excellent aerobic conditions, and yet no fixation was obtained 
with 4 representative strains of the nodule bacteria. 

While the above experiment was in progress 5 additional cultures 
of root-nodule bacteria were received from E. B. Fred, of the Uni- 
versity of Wisconsin, and a third experiment immediately started 
which was in all essential respects a duplication of that reported in 
Table 16. Again a soil extract was prepared, using a soil from which 
the nitrates were first leached with cold water. Two-liter flasks 
were used, some containing 100 c. c. and others 200 c. c. of the soil- 
extract medium, according to the scheme shown in Table 18. All 
tests were made in triplicate with each of the nine strains of Rhizobia. 
The first four of these were the cultures used in obtaining the results 
reported in Table 17, the other 5 were those received from Fred. 
After the cultures had been incubated for 41 days analyses vere 
made by the Kjeldahl method, using mercury in the digestion flasks. 
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Table 18 . — Results of nitrogen determinations on cultures of Rhizobia grown on a min- 
eral-sugar medium containing various amounts of soil extract and incubated 41 days 
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The data agree very closely with those given in Table 17, and the 
conclusions to be drawn are essentially the same. 

A fourth experiment, similar in many respects to those reported 
in Tables 17 and 18 was next started, using an extract of a soil from 
which the nitrates were not first leached with cold water. However, 
in order to make unnecessary the use of the reduction method to 
include nitrates, the soil used was secured from the field in the late 
winter when only a trace of nitrates was present. The medium con- 
tained Ashby’s mineral solution with 0.05 per cent K 2 HP0 4 , 2 per 
cent dextrose, and 50 c. c. of soil extract. One hundred c. c. of this 
was used per 2-liter flask. To a portion of the flasks, as shown in 
Table 19, were added 750 mgm. agar. This provided for a comparison 
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of fixation, if any, on liquid and solid media under conditions which 
provided excellent aeration. The nine cultures of nodule bacteria 
used in the preceding experiment were also used in this. The analyses 
were made by the Kjeldahl method, using mercury as a catalyst. In 
addition, 18 liquid cultures were analyzed by the modified Kjeldahl 
method, using Devarda’s alloy to reduce any nitrates present. This 
latter series was run largely as a check on the rest of the experiment. 
As a further check another series of cultures was used for nitrate 
determinations by the colorimetric method. The analyses made at 
the end of 53 days are given in Table 19. 


Table 19 . — Results of nitrogen determinations on cultures of various strains of 
Rhizobia grown on modified Ashby's mineral solution , liquid and solid , containing 
soil extract and incubated 53 days 
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The results show a larger number of slight losses of nitrogen 
than of gains, but the variations from the control are not great enough 
to be significant. Certainly there is no evidence in these results to 
indicate that Rhizobium can fix nitrogen when grown on either a solid 
or liquid medium. Qualitative tests for nitrates in the cultures after 
the end of the growth period showed none present. This agrees with 
actual analyses by the two methods in showing that the use of the 
reduction method was not necessary in this case. 

GENERAL DISCUSSION 

A lengthy discussion of the data presented in the previous pages 
is entirely unnecessary since the results of all of the experiments agree 
in showing that the legume bacteria did not fix atmospheric nitrogen 
when grown under ordinary laboratory conditions independent of the 
host plant. Of course it would be foolish to say that these bacteria 
never fix nitrogen under any conditions because obviously no one 
can test all of the variables. The writer does feel, however, from the 
data presented that there is little justification for the more or less 
generally accepted idea that legume-nodule bacteria ran fix small 
quantities of nitrogen when grown independent of the host. 

As for the previous work done on this subject, little need be said 
that was not stated in the historical review. To summarize this 
phase of the subject, it may be stated that much of the earlier work 
was done with impure cultures and need not be considered. Further- 
more, only a few investigators have made extensive studies of the 
subject and only a comparatively few papers present as many as 40 
analyses. Rarely has an appreciable fixation been reported for 
cultures grown on nitrogen-free media, and often the? more nitrogen 
added, the greater were the fixations obtained even where more 
nitrogen was added than the bacteria could possibly have used. 
The use of soil-extract media has also led to misleading results in 
some cases due to the presence of nitrate nitrogen. The “ official ” 
method using salicylic acid for the determination of total nitrogen, 
including nitrates, is reliable only in the absence of moisture. Bacteri- 
ologists have frequently used it for the determination of total nitrogen 
in soil extracts. The nitrogen not found by this method appears as 
“fixation” in the final analysis of the culture after* the bacteria have 
converted the nitrates into proteins. 

Since the evidence points very strongly to the fact that legume- 
nodule bacteria do not fix nitrogen outside of the nodule we naturally 
wonder if they fix nitrogen in the nodule. We must wait for addi- 
tional studies for a definite answer to this question. Very likely the 
host plant is just as important as are the bacteria in the utilization 
of free nitrogen gas and both the higher and lower plants work in 
close cooperation in the fixation process. 

SUMMARY 

This paper presents a rather complete review with a discussion of 
the literature dealing with nitrogen fixation by legume-nodule bacteria 
grown independent of the host. 

A report of a large number of experiments planned to determine 
whether legume bacteria possess the power of fixing nitrogen apart 
from the host is given. These investigations were conducted over a 
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period of five years, using 31 strains of legume-nodule bacteria, grown 
in a very large number of media and under a variety of cultural 
conditions. Practically all of the factors which have been reported 
as important in demonstrating fixation of nitrogen by these bacteria 
were given consideration. The experiments in no case gave any 
evidence that Rhizobia can fix atmospheric nitrogen when grown 
apart from the host. These findings are based on about 600 analyses 
of cultures reported in this paper, about 300 not reported here, and 
about 700 additional cultures not analyzed because they showed little 
or no growth on nitrogen-deficient media. 
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EFFECT OF VARIOUS FUMIGANTS ON THE GERMINA- 
TION OF SEEDS 1 


By H. I). Young 

Insecticide Division , Bureau of Chemistry and Soils , United States Depart went of 

A gricnlture 

Recently several new substances have been developed as fumi- 
gants to replace carbon disulphide. In a series of recent publications, 
Roark and Cotton have discussed the merits of certain aliphatic 
chlorides, 2 ethylene diehloride, 3 certain alkyl and alkylene formates, 4 
some esters of halogenated fatty acids, 5 and ethylene oxide/ 1 

As some of these substances find commercial application as fumi- 
gants, notably ethylene diehloride and the formates, the question 
arises as to the extent to which they may affect the germination of 
seeds. In the work reported, Rflark and Cotton tested the effect on 
the germination of wheat, but there was no evidence to show whether 
all seeds would react in the same way. Hoyt 7 reported the effect of 
ethylene diehloride on the germination of wheat, oats, beans, peanuts, 
and clover, dismissing as of no importance an increase of 24 per cent 
in the germination of peanuts and a decrease of 21 per cent in the 
germination of beans. 

Although the most extensive use of fumigation is on wheat prior 
to milling, in which case the effect on germination is not important, 
the fumigating of seeds stored for the next season’s planting is also 
practiced. In order to obtain further data concerning the effect of 
the new fumigants, the work here reported was undertaken. Six of the 
most promising fumigants were tested upon .^13 different kinds of 
seeds, an attempt being made to select those most likely to be fumi- 
gated commercially. 

Table 1 shows the minimum lethal concentration required to kill 
rice weevils (Sitophylus oryza) buried in wheat and exposed to the 
action of the fumigant for 24 hours. It shows also* the boiling point 
and the specific gravity of the different fumigants tested. These 
data are compiled from the publications cited. 


1 Received for publication Apr. 10, 1 029; issued December. 1020. 

2 Roark, R. C., and Cotton, R. T. fumigation tests with certain aliphatic chlorides Jour. 
Eeon. Ent. 21: 135-141. 1928. 

» Cotton, R. T., and Roark, R. C. ethylene dichlouide-carbon tetrachloride mixture; a new 
NONBURNABLE. NONEXCLUSIVE FUMIGANT. Jour. ECOII. Ent. 20: 036-930. 1027. 

i and Koark, R. C. fumigation of stored- into duct insects with certain alkyl and alkylene 

formates. Indus, and Engin. (’hem. 20: 380-382. 1028. 

« Roark R. O., and Cotton, R. T. insecticidal action of some esters of halogenated fatty acids 
in the vapor phase. Indus, and Engin. (-hem. 2J: M2-5H. 1928. 

6 Cotton, R. T., and Roark, R. C. ethylene oxide as a fumigant. Indus, and Engin. (’hem. 20: 
80ft. 1028. 

7 Hoyt, L. F. further fumigation tests with ethylene dichloride-carbon tetrachloride mix- 
ture. Indus, and Engin. Chem. 20: 931-032, illus. 1028. 
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Table 1 . — Minimum lethal concentration , boiling point , and specific gravity of 

various fumigants tested 

[Rice weevils, buried in wheat were exposed to the fumigant for 24-hour periods] 


Fumigant 

Minimum 
lethal con- 
centration 

Boiling 

point 

Specific 

gravity 

Ethylene oxide 

Mgm. per liter 
30 

°C. 

10. 7 

a 89 

Tertiary butyl chloride 

34 

51.0 

.84 

Isopropyl formate . 

53 

71.3 

.88 

Methyl chloroacetate. . . 

73 

131. 5 

1.22 

Ethylene dichloride. 

Trichloroethylene ....... 

226 

83. 7 

1.26 

650 

88.0 

1.48 


In carrying out the experiments reported in the present paper 100 
gni. of the seed to be tested was placed in a 500 c. c. Erlenmeyer 
flask, and the fumigant, measured in a 1 c. c. pipette graduated to 
0.01 c. c., was allowed to fall directly on the grain. The flasks were 
stoppered and allowed to stand for 24 hours at room temperature. 
Two concentrations were used, the minimum lethal concentration 
and twice that quantity. The results obtained are shown in Table 2. 

Table 2. — Percentage germination of different kinds of seeds when untreated and 
after a £ / r hour exposure to various fumigants in different strengths ° 


Percentage germination of seed after 24-hour exposure to 


Kind of seed tested 

Per- 
centage 
germi- 
nation 
of un- 
treated 
seed 



Eth 

ox 

30 

n*gm. 

vdene 

de 

60 

mgm. 

Ter 

bu 

chic 

34 

mgrn. 

iary 

tyi 

ride 

68 

mgm. 

Wheat... . . 

96 

0 

0 

96 

9(5 

Oats 

54 

0 

0 

56 

59 

Barley... 

98 

33 

14 

99 

99 

Rye 

96 

1 o 

0 

98 

98 

Corn 

91 

0 
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* The germination tests were made by the Seod Testing Laboratory, Bureau of Plant Industry; the 
tests were made in duplicate on 100 seeds. 


Of the six fumigants tested, ethylene oxide and methyl chloro- 
acetate were found to be injurious to the germination of grain. With 
the heavier concentration of ethylene oxide, nine of the varieties of 
seeds showed no germination whatever, and with the exception of 
alfalfa, the germination of the others was seriously impaired. The 
injury from methyl chloroacetate was not so severe, the stronger 
concentration reducing on an average the percentage of germination 
to approximately 50 per cent, alfalfa again being an outstanding 
exception. 
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The other four fumigants, tertiary butyl chloride, isopropyl for- 
mate, ethylene dichloride, and trichloroethylene, were all quite harm- 
less. In no case did the average percentage germination of all 12 
kinds of seeds (cowpeas being excluded) vary more than 2 per cent 
from that of the untreated seed, which was weil within the limits of ac- 
curacy of the experiment. 

The different seeds reacted rather uniformly, except cowpeas and 
alfalfa. The latter was by far the most resistant of all those tested. 
The percentage germination of the cowpeas, which was very low in 
the untreated seed, was stimulated to a remarkable degree by the 
weaker concentrations of the four fumigants that were not toxic, the 
average being 46, as against 27 for the untreated seed. It behaved 
on the whole so erratically and the seed was so poor, being badly 
infested with weevils, that it was omitted in making up the averages. 
Corn seemed to be affected somewhat unfavorably by both the 
weaker and the stronger concentrations of the nontoxic fumigants, its 
average germination being 84 per cent as against 91 per cent in the 
untreated seed. 

CONCLUSIONS 

Wheat, oats, barley, rye, corn, buckwheat, sunflower, beans, Lima 
beans, cowpeas, alfalfa, clover, and timothy seeds may be fumigated 
with tertiary butyl chloride, isopropyl formate, ethylene dichloride, 
and trichloroethylene in concentrations up to twice the minimum 
lethal concentration required to kill rice weevils without seriously 
impairing the germination of the seeds. 

Ethylene oxide and methyl chloroacetate seriously impair the ger- 
mination of these seeds. 




RELATION OF STOMATAL BEHAVIOR TO STEM-RUST 
RESISTANCE IN WHEAT 1 . 


By Helen Hart 2 ‘ 

Assistant Plant Pathologist , University of Minnesota , and Agent , Office of Cereal 

Crops and Diseases , Bureau of Plant Industry , United States Department of 

Agriculture 

INTRODUCTION 

There has been much speculation regarding the nature of resistance 
of cereals to Puccinia graminis Pers. Such accurate observations and 
experiments as have been made indicate two types of resistance of 
wheat varieties to Puccinia graminis tritici Erikss. and Henn., namely, 
physiological and morphological. 

The so-called physiological resistance appears to be due to some 
incompatibility between the wheat plant and the pathogene, but its 
exact nature is yet unknown. The germ tubes of the pathogene may 
enter physiologically resistant varieties in a perfectly normal manner, 
but after they have entered they kill some of the plant cells and then 
they themsolves die. A variety, of course, may be resistant to certain 
physiologic forms of Puccinia graminis tritici and completely suscepti- 
ble to others. There appears, therefore, to be a high degree of speci- 
ficity between the host plant and particular physiologic forms. Physi- 
ologically resistant varieties may be resistant in certain regions in a 
given year and susceptible in other regions. Likewise they may be 
resistant in the same region in one year and susceptible in another. 
The amount of rust on them depends on the presence or absence of 
forms which can attack them. For example, Kanrcd wheat is nearly 
immune from about a dozen of the physiologic forms so far described 
and is completely susceptible to many of the others. There is nothing 
to indicate that Kanred is resistant for any other reason except that 
of a mutual antagonism between it and those particular physiologic 
forms to which it is resistant. 

Varieties physiologically resistant to certain physiologic forms 
apparently are equally resistant in all stages of development. It was 
long supposed that varietal resistance could be explained entirely on 
the physiologic basis. But it was found that varieties might be 
susceptible in the seedling stage and at least moderately resistant in 
later stages of development. This led to the discovery of the mor- 
phological type of resistance. 

Varieties with the morphological type of resistance may be physi- 
ologically susceptible, but there may be structural characteristics 
which prevent the rust fungus from developing extensively within the 
tissues. The pathogene may enter the host readily and can develop 
normally in the chlorophylious tissues. In the stem the rust can 

1 Received for publication Apr. 22, 1929; issued December, 1929. Cooperative investigation between the 
Bureau of Plant Industry of the United States Department of Agriculture und the Agricultural Experiment 
Station of the University of Minnesota. Published with the approval of the director as paper No. 830 of 
the journal series of the Minnesota Agricultural Experiment Station. 

2 The writer wishes to thank Dr. E. C. Stakman for his suggestions and criticisms during the course of the 
investigation and for his assistance in the preparation of the manuscript; and Dr. Olaf S. Aamodt for his 
interest and cooperation in all phases of the field studies. 
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grow only in the collenchyma bundles. If these are large and numer- 
ous, the organism can grow extensively and produce large pustules. 
In some varieties, however, there is so much sclerenchyma and the 
collenchyma bunales of the stem are so small and few that the rust 
is restricted to relatively small areas. The pustules, therefore, are 
correspondingly small, and for practical purposes the variety is 
partially resistant. Kota wheat, for example, is highly susceptible 
to certain physiologic forms of Puccinia graminis tritici in the seedling 
stage and at least moderately resistant in later stages. Therefore it 
often is resistant in the field. A variety, of course, may be physiologi- 
cally susceptible to some physiologic forms, physiologically resistant 
to others, but morphologically resistant to both. 

Still other varieties are susceptible when seedlings and older plants 
are inoculated and incubated artificially in the greenhouse, but they 
remain almost free from rust in the field despite the fact that physi- 
ologic forms to which they are susceptible in the greenhouse may be 
present in abundance in the field. When pustules do develop on 
these varieties in the field, however, they seem to be fairly normal. 
It appears, therefore, that they have neither physiological nor mor- 
phological resistance. It would seem that, although the rust can de- 
velop in these varieties when it once enters them, it often is prevented 
from entering. For example, Velvet Don (C. I. 3 1445), a durum 
wheat, is very susceptible to form 21 of Puccinia graminis tritici when 
grown in the greenhouse. The fungus readily infects this variety in all 
stages of development, from the seedling stage until after the plants 
have headed. Velvet Don evidently has no physiological resistance 
to form 21. Furthermore, the development of the fungus does not 
seem to be restricted to any great extent by morphologic peculiari- 
ties of the host. The broad and deep collenchyma strands of the 
culm often coalesce to form wide bands extending lengthwise of the 
stem and about one-fourth or one-third of the distance around it. 
Apparently, then, Velvet Don has neither physiologic nor morpho- 
logic resistance. Nevertheless, there usually is little or no rust on 
this variety at University Farm, St. Paul, Minn., even in seasons 
when Puccinia graminis tritici form 21 is very prevalent. The same 
marked freedom from rust has been noted in other wheat varieties 
during certain seasons and in certain localities where considerable 
infection might be expected because of the presence of abundant 
inoculum and favorable environmental conditions for rust infection 
and development. 

As the germ tubes of aeciospores* and urediniospores of Puccinia 
graminis tritici enter wheat plants only through the stomata, it seems 
that stomatal conditions may account for the inability of the fungus 
to enter. The stomata are numerous on stem, leaf, rachis, glume, and 
awn of cereal plants. If they remain closed much of the time, how- 
ever, it probably would be difficult for the germ tubes to enter under 
natural conditions in the field. It is quite likely also that the sto- 
mata of different varieties may behave quite differently. The writer 
therefore made a study of stomatal behavior in certain selected vari- 
eties of the factors affecting the stomatal movements, and the possible 
relation of stomatal behavior to the ability of germ tubes to enter. 

C. I. refers to accession number, Office of Cereal Crops and Diseases. 
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LITERATURE REVIEW 

The relation of stomatal movement to infection of the sugar-beet 
plant by Cercospora beticola was studied by Pool and McKay (ll ) 4 in 
1916. They found the greatest susceptibility to infection concom- 
itant with the greatest stomatal activity, both occurring on leaves 
of the same degree of maturity. In detailed studies on germ-tube 
penetration they found that conidia may germinate and produce long 
germ tubes and yet not penetrate through closed stomata. Whenever 
infection occurred the stomata were open. The stomatal activity, 
in turn, was influenced by light, temperature, and relative humidity. 

(\)bb (#), as early as 1892, made some interesting observations on 
the number, size, and position of stomata on varieties of wheat and 
the relation of these to the entrance of the mycelium of stem rust. 
He noted (v. 3 , p. 199) that the waxy bloom of glaucous varieties 
reduces the stomatal opening to “a crack so narrow that the promy- 
celial threads of rust fail to enter it.” 

Hursh (6) investigated the number and size of stomata on wheat 
varieties and found no correlation with rust resistance. He suggested 
that the degree and duration of the stomatal opening are probably 
of more importance and greUter influence in the entrance of germ 
tubes than either the number or the size of the stomata. 

Allen (2), while studying the early stages of infection of Puccinia 
triticina on Little Club wheat, found that in material fixed in the 
morning many of the germ tubes had just entered the host and formed 
the substomatal vesicles. In the material fixed in the afternoon she 
found that infection was always more advanced and most of the sub- 
stomatal vesicles had sent out infecting hvphae. She suggested that 
this daily rhythm might be due to the fact that the time of entrance 
is conditioned by the daily stomatal movements of the host, and 
that entrance waits upon natural opening of a stoma rather than 
upon mechanical force or chemical action. 

Allen (I) studied the behavior of three physiologic forms of Puc- 
cinia graminis tritici on Khapli emmer and found that “the appres- 
soria of all three forms of the fungus secrete some substance, which, 
if present in sufficient amount, penetrates and kills the guard cells 
and alters their walls. So far as can be judged by appearances, it 
is the same substance in all three, but varies in quantity. * * * 

On comparing the percentage of entries with the degree of stomatal 
injury, it is to be noted that where injuries are least serious the entries 
are greatest in number.” In these cases the stomata probably closed 
as soon as the substance penetrated and killed the guard cells, for 
any outside influence which affects the guard cells and decreases their 
turgor tends to close the opening between them. The indications 
are that the stomata must open and remain open for a time, in order 
that the rust fungus may reach the interior of its host. 

EXPERIMENTAL METHODS 

The stomatal movements of several wheat varieties w^ere studied 
in the uniform rust nursery at St. Paul, Minn., to determine, in a 
rather general way and under natural conditions, the influence of 
environmental factors on stomatal behavior of different varieties. 


4 Reference Is made by number (italic) to “Literature cited,” p. 947. 
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The field observations were supplemented by greenhouse studies in 
an attempt to control stomatal movements and to ascertain whether 
germ tubes of the fungus were able to enter susceptible wheat seedlings 
through closed stomata. 

The stomata were observed directly under the low-power (16-mm.) 
objective of a standard microscope, a method suggested by Lloyd (#). 
This was to obviate the difficulties encountered when the epidermis 
is stripped from the plant and plunged into absolute alcohol as a 
fixative (6*, 7, 9). After a little practice it is very easy to draw the 
plant part to be examined across the microscope stage and to focus 
on the stomata. Under favorable conditions the movements may 
be followed very closely for a time. However, in the present work 
the observations were made as quickly as possible, in order that the 
stomata might not change as a result of the disturbance of the plant 
under observation. The individual openings were not measured, but. 
the condition of the majority of the stomata in several imeroscopic 
fields on certain plant parts was determined and taken as typical for 
that particular wheat variety. Four classes were arbitrarily estab- 
lished to express the de- 
gree of stomatal opening: 
Wide open, approximate- 
ly half open, narrow slits, 
"pT\ and closed. (Fig. 1.) 
1 1 Of course, the shape and 
r structure of the stomata 
vary somewhat for the 
' different cereal varieties, 
[A but in general the lour 
I established classes served 
1 the purpose very well. 
D If the stomata were wide 



■Figtjkk 1.- -A diagrammatic sketch giving the standards used Open OI* hall open, the 
in the determination of stomatal openings: A, Wide open; B, fy « rrY1 furwmu 

half open; <\ narrow slits; 1). dosed gt llll IU DCS Ol LUC llingUS 

could enter easily. If 
the stomata were closed, the fungus was kept outside the host; and 
if the openings were narrow slits, it was assumed that the fungus was 
kept out or else entered with difficulty and by the exertion of 
mechanical force. 


The following wheat varieties were studied in the field: Triticum 
nulgare (Little Club, C. I. 4066; Quality, C. I. 6607; Marquis, C. I. 
3641; Baart (Early Baart) C. I. 1697; Haynes Bluestem, C. I. 2874; 
Reward, C. I. 8182; Ruby, C. I. 6047; Kota, C. I. 5878; Ceres, C. I. 
6900; Marquillo, C. I. 6887; Webster, C. I. 3780; Hope, C. I. 8178); 
Triticum durum (Mindum, C. I. 5296; Arnautka, C. I. 1493; 
Kubanka, C. I. 2094; Acme, C. I. 5284; Velvet Don, C. I. 1445); 
and Triticum dicoccum (Khapli emmer, C. I. 4013 and Vernal emmer, 
C. I. 3686). 

They were selected from the standard variety rows of the uniform 
rust nursery at St. Paul. Little Club and Quality were chosen as the 
two wheats which are extremely susceptible to stem rust whenever 
they are grown at St. Paul. Marquis, Baart (Early Baart), Haynes 
Bluestem, Reward, and Ruby usually are heavily rusted at St. Paul 
unless conditions are particularly unfavorable for the development of 
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infection. Minduin and Arnautka are very susceptible to most of 
the rust forms which attack the dnrums. 

Infection on Kota and Ceres varies greatly from season to season, 
but even when the percentage of infection is high the type of infection 
is always the resistant one, with small limited pustules arid signs of 
chlorosis and necrosis in some cases. Kubanka and Vernal emmer 
are usually resistant in the field also. Marquillo, Webster, Hope, 
Acme, Velvet Don, and Khapli emmer are always very resistant to 
stem rust at St. Paul. Very often the last-named varieties are almost 
free from rust. 

The plants in the uniform rust nursery were sprayed repeatedly 
with spores of a large number of physiologic forms of stem rust, so 
that the chances for development of rust infection usually are greater 
there than in other sowings or in other localities. 

STOMATAL BEHAVIOR IN THE FIELD 

Many preliminary field observations were made under a wide 
variety of conditions before any definite conclusions could be drawn. 
The notes were taken during June and early July, from the time the 
plants were approaching the boot stage until after the heading of 
most varieties. During this time rust infection usually takes place. 
The inoculum probably is most abundant during the latter part of 
this period, but artificial epidemics are produced in the uniform rust 
nursery by spraying repeatedly with urediniospores of many physio- 
logic forms of stem rust. 

Loft field (.9) found a definite daily rhythm in the stomatal move- 
ments of cereals. Under favorable conditions the stomata open at 
sunrise, remain open during the morning, close gradually during the 
la te afternoon, and remain closed all night. If conditions are unfavor- 
able, most of the stomata remain closed during the day or are only 
partially open for an hour or so after sunrise. Night opening does 
not occur under ordinary conditions, favorable or unfavorable. 

At first different parts of the plants were studied to see if the 
stomata of all parts behaved similarly. Loftfield (9, p. 76) found 
that the age and degree of maturity of a plant affected the behavior 
of the stomata and the readiness with which the stomata functioned. 
He found also that the degree of succulence of a plant affected the 
behavior of its stomata. Likewise, the age and the succulence of 
different plant parts might affect the behavior of stomata of those 
parts. A leaf blade of wheat is likely to be more succulent than the 
stem, and the young leaves more succulent than the older ones. On 
older, more mature plant parts many of the stomata function poorly 
or remain closed permanently, and the behavior of the stomata in a 
given area is not at all uniform. 

In a particular variety of wheat the stomata of the youngest leaf 
respond to favorable stimuli more quickly than those of any other 
plant part. The stomata of the youngest leaf open first after sunrise. 
In the case of the older leaves the stomata respond to the sunlight a 
little less quickly perhaps; at any rate the stomatal behavior is less 
uniform, and most of the stomata lag somewhat in the opening 
process. Also, the stomata on the sheath of a plant, about midway 
between the first and the last node, lag a little behind the stomata of 
the young leaves; by the time the stomata of the young leaves have 
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opened wide those of the sheath may be only partly open. It may 
be that the light intensity is slightly lower and accounts for the some- 
what slower opening of stomata of the sheath; or it may be merely 
the age of the sheath as compared with that of the leaf. The stomata 
on the neck or peduncle lag in opening even more than those on the 
sheath. They open more slowly and usually less widely than stomata 
of the young leaf. In this case there should be no decrease in light 
intensity to account for the slower response. The succulence of the 
stem tissue may be less than that of the young leaves, the relative 
humidity of the air about the heads and necks may be less than the 



Figure 2. — The condition of stomata on four varieties of wheat in the field throughout a typical 
day during the first half of July at University Farm, St. Paul, M inn. The sunlight, dew, tem- 
perature, and relative humidity of the air were recorded at the time the stomata were observed 

relative humidity about the lower parts of the plants, or there may 
be temperature differences in those regions; but it is impossible to 
say what causes the slight delay in opening of the stomata. The 
differences in stomatal behavior on different plant parts, although 
not great, are noticeable, particularly at certain periods of the day 
when the openings are changing rather rapidly. In all the field 
observations in which stomatal movements of wheat were 

studied, care was taken that the comparisons were ma# ifljptween 
similar plant parts. 

All the wheat varieties studied followed, in a general way, the trend 
of the daily rhythm in stomatal movements which Loftfield (9j 
observed in all cereals. However, varieties differed greatly in th 

e 
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details of stomatal behavior. The stomata of some varieties, Little 
Club, Baart (Early Baart), Quality, and Reward, usually opened 
almost immediately after sunrise, and under most conditions remained 
wide open until late in the afternoon. Stomata of these varieties 
respond very quickly to a definite, favorable stimulus, but they are 
not very sensitive to adverse changes in light, temperature, humidity, 
or to an increased transpiration of the plants. In other varieties, 
Marquis, Haynes Bluestem, Ceres, Ruby, Arnautka, and Minduin, 
the stomata usually opened a little more slowly in the early morning 
and were a little more sensitive to external conditions during the day. 
Under ordinary conditions, however, they remained wide open or 
partly open most of the day. The stomata of other varieties, Webster, 
Hope, Acme, and Velvet Don, opened very slowly in the morning 
and closed again rather early in the day unless conditions were very 
favorable for stomatal opening. Often, most of the stomata on these 
varieties remained closed during a large part of the day. Still other 
varieties, Kota, Marquillo, Khapli, and Kubanka, were intermediate 
with respect to the behavior of their stomata. Many observations 
were made under different environmental conditions, but it is impossi- 
ble to give all the details here. Figure 2 shows the general trend of 
stomatal movements in four wheat varieties during a typical day 
early in July. The important point is that there are variations in 
stomatal behavior under the same environmental conditions, accord- 
ing to the variety of wheat observed. 

With respect to the problem of rust infection, the behavior of 
stomata during the early morning hours immediately after sunrise 
is of the greatest importance. At that time the plants arc covered 
with dew, so that, provided the temperature is not too low, conditions 
are ideal for the germination of rust spores lodged on the plants. 
If the stomata open early, a large proportion of the germinating spores 
effect entry before the dew is gone from the plants, and, once inside 
its host, the fungus develops according to its compatibility with the 
protoplasm of that particular host. The extent of its mycelial 
development and the formation of fruiting pustules depend to a 
large extent on the structure of the host (6*), but the early stages of 
infection probably are almost entirely dependent upon the physiology 
of host and parasite. 

A few selected wheat varieties were studied in the field so that some 
data might be obtained on stomatal movements during the critical 
hours of the early morning. The results of one series of observations 
are given in Figure 3. Six varieties of Triticum vulgare were chosen: 
Little Club and Quality, because they are extremely susceptible to 
most forms of stem rust; Marquis, because it usually is susceptible 
to a large number of rust forms; Kota, because its infection varies 
greatly under field conditions and it seems to be intermediate in its 
field resistance to stem rust; and Hope and Webster, because they 
usually are highly resistant to rust in the field, Hope being virtually 
free from infection in most cases. The first observations were made 
at 5.10 a. m., 20 minutes after sunrise. The stomata of Little Club 
and Quality were already partly open; those of Marquis appeared as 
narrow slits; and those of Hope, Webster, and Kota were still closed. 
The graph indicates the rapidity with which the stomata of each 
variety opened. A heavy aew was on the plants until 6.20 a. m., 
and then it gradually disappeared, so' that at 8.20 a. m. the plants were 
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dry. If it is assumed that there was sufficient dew to protect the 
fungus germ tubes until about 7.30 a. m., it is found that there was 
approximately a 1-hour period during which the fungus might enter 
Hope and Webster plants, approximately 1 % hours during which 
Kota could be entered, 2 hours during which Marquis could be entered, 
and probably hours during which the fungus might enter Little 
Club and Quality. If the end of the heavy dew is taken as the limit 
for the survival of the germ tubes, then the periods of possible entry 
are considerably shortened; \)i hours for the entry of Little Club 
and Quality, less than 1 hour for Marquis, about one-third of an hour 
for Kota, and no time for Webster and Hope because their stomata 
were not sufficiently open until the heavy dew had disappeared. 
At any rate, it is apparent that some wheat varieties are in a receptive 
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Figure 3. — The condition of stomata on wheat plants in the field during early morning hours. 
Observations started 20 minutes after sunrise on July 3, 1028, at University Farm, St. Paul, 
Minn. 

state for longer periods than others. If similar conditions prevail 
throughout the growing period, it is easy to see that a large proportion 
of germinating rust spores will gain entrance to some varieties and 
may prove to be very effective inoculum, while on other varieties the 
great proportion of germinating rust spores will be excluded and only 
a relatively few germ tubes will enter and infect the host. 

STOMATAL BEHAVIOR IN THE GREENHOUSE 

Stomatal movements in Marquis wheat were studied in the green- 
house at University Farm during January, 1926. Later experiments 
included several other wheat varieties: Little Club, Kota, Webster, 
Hope, Ceres, and Marquillo of the Triticum vulgar e group, and 
J^hapli emmer. The same daily rhythm was noted in 1-week-old 
Seedlings and in the older plants. Light seemed to be the* most 
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important factor influencing the degree of opening, for during the 
winter months the stomata began to open between 7 and 8 a. m. and 
started to close between 3 and 4 p. m. Many attempts were made to 
prolong the period of opening, but very few were successful. Very 
young seedlings and older plants seemed to have established a daily 
rhythm in stomatal movement, which was scarcely to be altered by 
artificial light, humidity, or temperature. 

THE EFFECT OF LIGHT 

As the general trend of the stomatal movements in cereals seems 
closely correlated with sunlight, it was advisable to find out how 
quickly the stomata would respond to light in the greenhouse. For 
this purpose Little Club, Ceres, Marquillo, and Hope were grown in 
the greenhouse until they approached the boot stage. The plants 
were succulent and vigorous, and the stomatal movements followed 
the definite normal rhythm expected under favorable conditions. 
One series of observations was made during May, when the sun 
rose between 5.30 and 5.45 a. m. At (i a. m. the sun was shining in 
one of the houses, while the other house was still shaded. The 
temperature in both houses was 20° C. One lot of plants was trans- 
ferred from the shaded to the lighter house and placed directly in 
the rays of the sun. Although tho sun w r as still low 7 on the horizon 
and the slanting rays were not intense, there was a very decided 
response in the plants. Within 5 minutes after the transfer to 
direct sunlight, tho stomata of leaves of Little Club started to open 
and most of them appeared as narrow' slits. Within another 4 
minutes most of the stomata of these leaves w 7 ere half open; and 
after 20 minutes in direct sunlight nearly all were wide open. Ceres 
also responded quickly, though less so than Little Club. Within 
10 minutes after the transfer some of the stomata on leaves of Ceres 
appeared as narrow 7 slits, although many remained closed. Twenty 
minutes after the transfer some of the stomata of Ceres were half 
open, many appeared as narrow slits, and many others were still 
closed. One hour after the transfer most of the stomata of Ceres 
were partly open, but very few wore w T ide open until later in the 
morning. Marquillo and Hope responded very slowly as compared 
wdth Little Club and Ceres, and it was easily noticeable that the 
stomata on very young leaves reacted more quickly than those on 
the older leaves. Twenty minutes after the transfer a few stomata 
on the leaves of Marquillo and Hope appeared as narrow slits, but 
by far the majority of stomata were closed. Even after one hour 
in direct sunlight many of the stomata on Marquillo and Hope were 
closed, some were in the narrow-slit stage, and only a very few 7 w r erc 
half open. 

Parallel observations were made on the stomata of the plants left 
in the shaded house. At 7 o’clock, one hour after the first lot of 
plants had been transferred to direct sunlight, the stomata on leaves 
of Ceres and Little Club in the shaded house were just beginning 
to open and most of them appeared as narrow slits. The stomata 
on leaves of Marquillo and Hope in the shaded house were still 
tightly closed. The direct sunlight did not reach this house until 
about 9 o’clock. 

It is evident that light is a very potent factor in stomatal behavior, 
and that stomata of some varieties of wheat may reroond to the 
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stimulus of sunlight more rapidly than those of other varieties. 
The other conditions of the experiment were approximately the same. 
All the plants were at the same stage of development and all were 
vigorous and succulent. The temperature in the two greenhouses 
was the same (20° C.) at the beginning of tho experiment, but there 
was a very gradual rise of temperature in the sunny house so that at 
7 o’clock it was 23°. The relative humidity of the two houses varied 
from 70 to 75 per cent. Sunlight was the important variable in 
this experiment, and seems to account for the earlier opening of 
stomata on plants kept in the lighter house. 

During the winter months a few experiments were made with 
artificial light. One-week-old seedlings of Little Club and Marquis 
wheats, which had been growing on the greenhouse bench and had 
established a normal daily rhythm in stomata! movements, were 
transferred to artificial-light rooms and placed about 2 feet below a 
200-watt lamp. The transfer was made late in the afternoon, and 
when the plants on the greenhouse bench were examined just before 
the transfer the stomata were closing. It was hoped that the artifi- 
cial light would cause the stomata to open again, but it did not. 
The plants were examined at intervals during the evening, but the 
stomata were closed. Check plants in the greenhouse were examined 
at the same intervals and their stomata were closed. During the 
period of observation the temperature of the light room was about 
22° C., and the relative humidity was about 50 to 60 per cent; the 
temperature of the greenhouse varied from 16° to 19°, and the 
relative humidity was about 50 to 60 per cent. Repetitions of the 
experiment with seedlings, and also with older plants, gave the same 
results. Artificial light did not cause the stomata to open during the 
night after they had once closed. 

In another experiment the conditions were varied slightly; the 
plants were transferred early in the afternoon of a bright sunshiny 
day, so that the stomata of the leaves were wide open at the time the 
plants were first exposed to artificial light. At 2.15 p. m. the tem- 
perature in the greenhouse was 25° C. and the relative humidity 60 
per cent. The plants had been exposed to bright sunlight all day, and 
the stomata were wide open. One lot of plants was transferred to the 
light room as in the previous experiments, and another lot was left 
on the greenhouse bench. In the light room the temperature was 
22° C. and the relative humidity 50 to 60 per cent. The first observa- 
tions were made one hour after the transfer. In the light room most 
of the stomata were half open, but none were wide open. In the 
greenhouse the plants were shaded and the temperature had dropped 
to 22°. Most of the stomatal openings were merely narrow slits, 
although a few were half open. Observations were made hourly 
until lip. m. During that period the stomata of plants in the light 
room followed the normal rhythm, so that by 11 o’clock most of the 
stomata were closed and only a very few remained half open. The 
stomata on the plants in the greenhouse were all closed soon after 
sundown. Either the artificial light was not strong enough or the 
daily rhythm had become so well established that it could not be 
altered to any extent. Although some plants were kept in the light 
room for several days, their stomata did not remain open during the 
night. 
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THE EFFECT OF MOISTURE 

. Moisture and the relative humidity of the atmosphere have con- 
siderable influence on the stomatal movements of most green plants. 
Loftfield (9, p. 75) stated that a high atmospheric humidity permits 
stomata to open wider and remain open longer than a low humidity, 
and that when the leaves of a plant are wet by dew or rain or wet 
artificially the stomata usually open if closed, or open more widely if 
partially open. 

Potted wheat plants were subjected to saturated atmospheres and 
to artificial wetting to determine whether the excessive moisture 
would prolong the period of stomatal opening after sunset. In the 
first experiment, made during the winter, 10-dav -old seedlings of the 
varieties Little Club and Webster were placed under bell jars on the 
greenhouse bench. At G p. m., an hour or more after sunset, when 
the stomata were closed, one lot of seedlings was sprayed with water 
until the plants were thoroughly wet. A second lot was subjected to a 
saturated atmosphere under a bell jar without a direct spraying of the 
plants, and the third lot was left in the relatively dry air under a bell 
jar. The temperature in the greenhouse was about i2° C. throughout 
the evening. Stomata were observed again at 9 o'clock to see whether 
the excessive moisture had induced opening. All stomata in the three 
lots of plants were closed, so that moisture seemed to be ineffective in 
causing stomata to open after they had once closed. Similar experi- 
ments with plants approaching the boot stage of development gave 
similar results. 

A second experiment was made to determine whether excessive 
moisture would cause open stomata to stay open longer than those of 
plants kept in relatively dry air. The experiment was started at 2 
p. m. one clear January day. Khapli, Marquis, Kota, and Webster 
plants, all in the 4-leaf stage of development, had been on the green- 
house bench in a clear diffuse light. The stomata of the first three 
varieties were open, but those of Webster were gradually closing and 
were in the narrow-slit stage. The temperature was 23° C. at 2 p. m. 
The plants of one lot were sprayed until the leaves were thoroughly 
wet and were then placed in a saturated atmosphere under bell jars. 
Check plants were left on the greenhouse bench. The stomata were 
examined at 4.30 p. in., when the light was decreasing rapidly and the 
short winter day was drawing to a (‘lose. At that time the tempera- 
ture in the greenhouse had dropped to 19°. All the stomata of the 
check plants and all those of the wetted plants in the saturated atmos- 
phere under the bell jars were closed. The excessive moisture had not 
kept the stomata open. 

One more experiment was made with very young wheat plants. 
Seeds of Mindum wheat were germinated in moist chambers, and 
before the green leaves appeared each seedling was placed in an in- 
dividual moist chamber, so that the plants were exposed only to a 
saturated atmosphere from the beginning of their development. The 
very young green leaves were kept constantly wet and most of the 
stomata remained open or partly open after sunset and during the 
night. Observations were made at intervals, and conditions remained 
the same for 60 hours. At the end of that time the seedlings were 
removed, for they did not thrive under the close and excessively wet 
conditions of the moist chamber. Soon after the excess moisture 
evaporated from the leaf surfaces the stomata closed, and from then 
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on light seemed to be the most important factor influencing stomatal 
movements. 

THE EFFECT OF TEMPERATURE AND MOISTURE 

In many of the experiments to determine the effect of moisture on 
stomatal behavior, the temperature varied so much that it was decided 
to ascertain whether it modified the effect of moisture. There is 
a possibility that, if the temperature is favorable for stomatal open- 
ing, excessive moisture might cause the stomata to remain open at 
night. 

The following experiment was made: Little Club and Webster 
wheats, in the 4-leaf stage, were kept at temperatures of 12°, 20°, 
and 27° C. during the day, and the stomatal movements were observed 
closely. The light was about the same in the three locations, and 
there was a normal rhythm in stomatal movements at all three tem- 
peratures. In the middle of the afternoon one lot of plants at- each 
temperature was sprayed and placed in a saturated atmosphere under 
bell jars. Frequent examinations were made during the afternoon 
and evening, but all the stomata closed soon after sunset. Neither 
temperature nor moisture altered the normal behavior to any extent, 
for the stomata closed when the light stimulus was removed. 

Inasmuch as the stomata of the cereals are closed during the night 
and sometimes for considerable periods during the day, it is doubt- 
ful whether the rust fungus is able to effect entry at all times. 

ENTRANCE OF THE PARASITE THROUGH CLOSED STOMATA 

It is essential to know whether the germ tubes of the stem-rust 
fungus normally enter a host plant through closed stomata. If 
they do so normally and easily, then stomatal behavior should have 
no effect on the amount of infection under conditions favorable for 
the development of rust. 

This phase of the problem was studied in the greenhouse with seedling 
plants and with certain physiologic forms of stem rust to which most 
of the varieties of wheat used were very susceptible. Seedlings were 
used because the behavior of their stomata is more uniform over 
relatively large plant surfaces than that of stomata on older plants. 
Dust and other foreign particles often lodge between the guard cells 
on the older plants and keep the stomata open. Seedlings can be 
protected from such accidents and, moreover, can be handled more 
easily and quickly. The probability of successful infection when 
inoculations are made in the greenhouse seems to be greater with 
seedlings than with older plants. Inoculated seedlings are usually 
kept in the moist chamber for 48 hours after inoculation, but it is 
necessary that older plants be kept there for 72 hours or longer. Then 
again, the first pustules appear on seedlings within 7 to 10 days after 
inoculation, but with older plants the incubation period usually is 
longer. Thus, in an experiment of this kind, quicker and more 
reliable results should be obtained with seedlings than with older 
plants. 

The first experiments were made with 3-day-old seedlings of Webster, 
Kota, and Little Club. The seeds were germinated in a moist chamber 
which protected them from dust and other foreign material. At 
the end of the third day, just before inoculation, the^stomata were 
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examined, and as nearly as could be determined all were closed. 
The seedlings were atomized and inoculated with urediniospores of 
Puccinia graminis tritici form 17. They were then placed in moist 
chambers, which were kept in darkness so that the stomata would 
remain closed. Both Little Club and Kota are susceptible to form 17, 
giving 4 and 3+ reactions, respectively (J 4 ). Webster is moderately 
resistant to this form, the reaction varying from 2 — to 3— {15). 
A check lot of seedlings was atomized and placed in another moist 
chamber for observation at intervals to see if the stomata remained 
closed. Spore-germination tests were made at the same time in order 
to be sure that effective inoculum was present. The inoculated seed- 
lings were left in the dark moist chamber for 24 hours and then removed 
to open culture dishes, where they were supplied with Shi ve/s solution 
{12) daily. Nine days after inoculation, single, minute uredinia 
appeared on the tips of two out of four Little Club seedlings and on 
one out of four Webster seedlings. The uredinia were so small as 
to indicate that a single germ tube had entered in each case. In 
the case of Little Club, the pustules were at the tips of the seedlings, 
and it was concluded that the fungus had entered through the open 
hydathodes at the tips of the leaves. In the case of Webster this 
was not true, for the pustule was located some distance behind the 
tip. The fungus either forced its wav through a closed stoma or 
a few of the stomata were open during the time the plants were in the 
moist chamber. 

In the next experiment greater precaution was taken to restrict the 
inoculation court. A second series of 4-day-old seedlings of Little 
Club, Kota, and Webster was inoculated with Puccinia graminis 
tritici form 17. The spores were carefully placed about one-half inch 
back of the leaf tip after the plants had been examined and the 
stomata found closed. One lot of each variety was placed in a moist 
chamber in the dark and left for 24 hours. Another lot was placed in 
moist chambers and left on a table where the light would reach them 
after 10 to 12 hours. At the end of 24 hours the plants were trans- 
ferred to Shi ve/s solution. Nine days after inoculation, two or three 
pustules appeared about 1 inch from the tips of each of the Kota 
seedlings which had been exposed to light 12 hours after inoculation. 
Infection seemed to be similar to that normally obtained in the green- 
house, except that the pustules were fewer. The Webster and Little 
Club plants of that lot did not thrive under the conditions of the 
experiment, and no pustules appeared during the first 12 days after 
inoculation. None of the plants kept in the dark moist chamber 
became infected during the 12 days. 

Some time later, 24 Mindum seedlings were inoculated with 
Puccinia graminis tritici foim 21, which produces a type 4 — infection 
on this variety {14). The inoculum was placed about three-fourths 
of an inch from the tips of the seedlings to preclude the entry through 
hydathodes. The inoculated seedlings were atomized and placed in 
a moist chamber for six hours, during which time the stomata remained 
closed. In germination tests 80 per cent of the spores had germinated 
during the six hours and had produced germ tubes which w r ould be 
long and vigorous enough to enter the host, unless they w T ere prevented 
by the closed stomata. After six hours the seedlings were removed 
from the moist chambers, placed in culture jars, and supplied with 
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Shive’s solution. Care was taken to prevent a collection of excess 
moisture on the leaves, in order that spores left on the surfaces might 
not germinate later and effect entry when the stomata were open. 
The seedlings grew well in the nutrient solution, and no signs of 
infection appeared during the first eight days following inoculation. 
On the ninth day very minute pustules appeared on 2 of the 24 seed- 
lings, about three-fourths of an inch from the tips. The pustules 
were so very small that on first examination they seemed to be merely 
remains of the inoculum. Their development was very slow, and it 
was obvious that each pustule had originated from a single infecting 
germ tube. The inoculated plants were examined twice daily for 15 
days. At the end of that time 20 seedlings were healthy and free from 
infection, 2 were free from infection but the tips of the leaves were 
shriveling, and 2 each had single minute rust pustules three-fourths of 
an inch from the leaf tip. The closed stomata apparently had 
excluded most of the germ tubes. A 6-hour period in the moist 
chamber seems a short time to permit infection, but it has been found 
that as short a period as three hours is sufficient for a considerable 
number of entries when the stomata are open. 

The results of still another test are given in Table 1. While the 
numbers of seedlings used in this trial were very small, the results are 
very definite and indicative of the results obtained when larger 
numbers were used. On the seedlings inoculated at the leaf tips, 
where the hydathodes served as avenues of entrance, pustules 
appeared in from 5 to 7 days after inoculation, regardless of whether 
the seedlings had been in dark moist chambers or in those exposed to 
the light for a part of the time. On the seedlings inoculated three- 
fourths of an inch back of the tip, pustules appeared from 7 to 10 
days after inoculation, but only on those which had been in moist 
chambers exposed to the light. No pustules appeared on seedlings 
kept in the dark moist chambers, probably because the stomata were 
closed while the rust spores were germinating and the germ tubes 
were in condition to enter the plant. 

Sections were made of a few of the inoculated seedlings to see 
whether there was any evidence that the germ tubes had forced their 
way between the guard cells. Many of the germ tubes had formed 
appressoria and on some of them there were short projections which 
seemed to fit into the depression between the two guard cells although 
the stoma was closed. However, there was only one case which 
possibly might be interpreted as a forced entry. An appresorium 
was formed over a stoma, and in cross section a thick, wedge-shaped 
projection appeared to have forced the guard cells apart until the 
fungus had penetrated about half the depth of the stomata! slit. The 
inner half of the stoma was closed, and the walls of the guard cells 
were pressed tightly against each other. The fungus may have 
wedged its way into the stoma, or the stoma may have been partly 
open at the time the fungus reached it and may have closed again 
before the fungus could enter. The conclusions drawn from the 
prepared slides were that the rust fungus generally does not enter the 
host plant if the stomata are closed. 
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Table 1 .—The results of inoculating Little Club and Webster wheat seedlings with 
Puccinia graminis tritici form 17 at and near the leaf tips when the stomata were 
closed, and incubating them for 21+ hours in moist chambers kept in darkness or 
exposed to light after 12 hours 

[The numerator of the fraction indicates the number of infected seedlings; the denominator, the total 

number of seedlings] 


Variety used 


Little Club 

Do 

Webster 

Do 


j Date of 
j inocula- 
I tion 
I 0927) 


Dee. 5 


| Dec. 7 

| 

I 

| Dec. 5 

I 

; 

j Dec. 7 


Inoculation court 


Tip of seedling 

inch from tip 

r l"i p of seedling 

Ya inch from tip... 

I 


Moist, chamber 
conditions 

Infection at specified times 
after inoculation 

5 days 

7 days 

8 days 

lOdays 

Dark. 

2 

3 

z 

3 

3 

3 



Light. 



[Dark 

3 

1 

9 

0 

0 

Light. 


T) 

0 

5 

1 

f) 

4 

Dark 

0 

J> 

2 

5 

5 

Light 

0 

2 

2 

2 

0 



Dark 

- 1 

0 

0 

Light 


.5 

1 

5 

2 

5 

3 




1 

% 

5 

5 


DISCUSSION 

In the study of disease resistance, and especially the rust resistance 
of cereals, it has been impossible to find a universal explanation for the 
resistance of some varieties and the susceptibility of others. There 
apparently are several types of resistance to stem rust. Many 
investigators have studied the so-called physiologic resistance of 
certain cereals and the phenomena associated with infection of a 
resistant host by a rust fungus ( 4 , 10 , 13 , 16 ), and Ilursh (6‘) has 
definitely shown that the morphology of the host may have a pro- 
nounced effect on the development of rust in certain varieties of wheat. 
The present writer has shown that there may be a third factor termed 
“functional resistance, ” which may enable some varieties to escape 
infection because of their characteristic stomatal behavior. 

As the stomata of the cereals constitute the avenues of entrance for 
the germ tubes of rusts, and stem-rust germ tubes do not enter the 
host unless its stomata are open, the factors that influence the stomatal 
movements would indirectly influence the course of rust infection. The 
stomata of cereals are always closed at night, and remain so until sunrise 
or later. Hence, even though many urediniospores on the plant sur- 
faces germinate during the night, few or no germ tubes can enter the 
host until the return of the sunlight causes the opening of stomata. 
During the growing period in the upper Mississippi Valley there 
usually are heavy dews which often remain on the plants for a con- 
siderable time after sunrise. Naturally, the dew remains longer on 
plants in the heavier stands of grain, but even on those in moderatly 
light stands the plants are wet for some time after sunrise. This pro- 
vides an ideal condition for the germination of rust spores and for the 
survival of germ tubes which may have been formed during the night, 
fiy far the greatest number of infections occur during this critical 
period between sunrise and the disappearance of the dew. The sto- 
matal behavior of the cereal hosts enters into the problem at this time. 
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If the stomata of a particular variety open quickly in response to the 
stimulus of sunlight, it is obvious that the germ tubes may enter 
sooner and that the period favorable for entry is longer than in the 
case of another variety whose stomata respond very slowly and do 
not open for an hour or more after sunrise. After the dew disappears 
and the surfaces of the plants become dry, most of the delicate fungus 
germ tubes die, unless they have grown into the plant. If most of the 
stomata of the plant remain closed until after the dew disappears, 
most of the germ tubes will perish and never enter the host. Stomatal 
movements probably vary greatly under different environmental 
conditions, but it seems highly probable that under ordinary conditions 
in the upper Mississippi Valley the stomatal behavior of some wheat 
varieties usually is such as to exclude a large number of the stem-rust 
germ tubes. 

For many years certain varieties of wheat grown at University 
Farm, St. Paul, Minn., have been consistently resistant to stem rust 
when grown in the field, in spite of the fact that they are susceptible 
to some forms of Puccinia graminis tritici when inoculated in the 
seedling stage in the greenhouse. Rust surveys have shown that 
forms of rust which can attack these varieties are present in the 
field. Although there should be plenty of inoculum, little or no rust 
develops on them. Why is it? Is there, as some workers have 
suggested, a “ mature plant resistance” which is not evident in the 
seedling stages but which develops later in the life of the plant? 
Or can some of this resistance be explained on the basis of stomatal 
behavior of the wheat variety in question? 

Kota is very often resistant to stem rust in the field at University 
Farm. The infection varies from a traco, as in 1919, 1921, and 1922, 
to 12 to 20 per cent, as in 1925 and 1927, or even as high as 33 per 
cent, as in 1920. Hursh ( 6 ) has shown that the structure of Kota 
limits the size of the rust pustules after the fungus enters the host 
tissues, but in many seasons Kota is almost free from rust, and 
there is so little evidence of infection and subsequent pustule forma- 
tion as to indicate complete exclusion from the host. Likewise, the 
amount of infection on Kota varies according to locality. In some 
of the uniform rust nurseries the percentage of infection is relatively 
high (25 to 35 per cent at Madison, Wis., and 38 to 75 per cent at 
Morris, Minn., in 1927), while in other nurseries only a small amount 
of rust develops (1 to 2 per cent at Manhattan, Kans., and 4 to 10 
per cent at Fargo, N. Dak., in 1927). Forms of stem rust to which 
Kota is susceptible may be present in all of the nurseries (forms 18 
and 21 of Puccinia graminis tritici were isolated from Madison, Morris 
Manhattan, and Fargo, in 1927), but the percentage of infection 
varies greatly. 6 It is probable that stomatal behavior may be 
partly responsible for some of these differences. 

In the field there is great variation in the amount of stem rust on 
Webster wheat, which is moderately resistant to those forms of 
Puccinia graminis tritici with which it has been inoculated in the 
greenhouse. In the uniform rust nursery at University Farm, only 
5 to 10 per cent of stem rust developed on Webster. On the sandy 
experimental plots at Coon Creek, Minn., there was 63 to 90 percent 

* Unpublished results of Stakman and his coworkers, made available through the kindness of Dr. E. C. 
Stakman. 
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infection on Webster in 1927, although the pustules were all relatively 
small and the majority of them never ruptured the epidermis. Sto- 
matal behavior was not studied at Coon Creek, but it is certain 
that a great many more entries were effected there than at Universitv 
Farm. 

Velvet Don has been grown in the field at University Farm since 
1909, and during that time severe epidemics of stem rust were pro- 
duced artificially. During the whole 19-year period, however, Velvet 
Don has always been very resistant and usually not more than a trace 
to 5 or 10 per cent of stem rust develops. When seedlings of this 
variety are inoculated in the greenhouse with Puccinia graminis 
tritici form 21, a type 4 infection results, indicating marked sus- 
ceptibility to that form. When greenhouse inoculations are made 
later, on plants in the 4-leaf stage, in the boot, or alter heading, 
excellent infection results, an abundance of rust pustules develop, 
and there is no indication of resistance. What accounts for the 
marked resistance in the field? The host grows vigorously and should 
be in suitable condition for infection; the virulent rust forms are 
present almost every year; but there is very little infection. Pre- 
liminary observations have been made on stomata of Velvet Don, 
and it maybe that stomatal behavior accounts for a large part of the 
field resistance at University Farm. In the greenhouse the older 
plants are kept in the moist chamber for three days after inoculation, 
and in that period there probably is considerable time during which 
the stomata are open and the germinating spores are entering the 
plants. In the field the periods of stomatal opening probably do 
not coincide with the periods favorable for spore germination and 
growth of germ tubes, so that the fungus seldom gets inside the 
plants of this variety. 

There is evidence also that in some years a great number of stem- 
rust germ tubes enter Khapli emmer grown in the field at University 
Farm. Khapli has a marked physiological resistance to all the forms 
of stem rust so far found in the United States, but it is a fact that, 
under favorable conditions, Puccinia graminis tritici enters such a 
resistant host as readily as it enters a highly susceptible host. The 
development of the mycelium is never very extensive in Khapli, and 
fruiting pustules usually are not formed. A cursory field examina- 
tion of Khapli reveals no evidence of infection, but if the stem of the 
plant is drawn between the fingers the surface feels uneven and bumpy, 
owing to the distension of the epidermis over tissues infected by the 
rust. A microscopic examination of a cross section of the stem shows 
that the fungus has entered the host, and its mycelium has developed 
in the chlorophyllous strands of the wheat to such an extent that the 
epidermis is streched and distended without being ruptured. In 
some years this type of infection is very usual on Khapli; in other 
years Khapli is almost entirely free from rust, the stems are smooth 
and even, and apparently the fungus has been excluded from the 
plants. It seems probable that the stomatal behavior of Khapli is an 
important factor in the exclusion of the rust in these latter cases. 

Goulden, Noatby, and Welsh ( 5 ) investigated the “ mature plant 
resistance” in a cross between Marquis and 1T--44-24. They studied 
the inheritance of field resistance and concluded that it could be ex- 
plained on a single-factor basis. Although this particular problem 
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has not been studied, it is possible that the single factor may be 
stomatal behavior. The present studies indicate that such a physi- 
ological tendency or habit is inherited in the same way as are the fac- 
tors for morphologic and physiologic characters in general. 

Stomatal behavior of the cereals evidently is far more important in 
the phenomena of rust infection than has been recognized heretofore, 
and it should be studied in greater detail. Stomatal behavior may 
be a more effectual means of resistance to stem rust than a fundamen- 
tal protoplasmic resistance or even a morphological resistance. A 
variety which excludes the rust by its stomatal behavior would be 
resistant to all rust forms, not merely to some of them. Therefore, 
the problem of producing satisfactory rust-resistant varieties may be 
simpler than it has appeared to be. 

SUMMARY 

Two kinds of resistance to stem rust have been demonstrated pre- 
viously: Physiological resistance and morphological resistance. To 
these may be added a third kind, termed “functional resistance . ” 

Some varieties of wheat are resistant to stem rust in the field be- 
cause of the behavior of their stomata. Such varieties may be sus- 
ceptible to stem rust in the seedling stages of their development. 

Stomatal movements of wheats follow a definite daily rhythm. The 
stomata open gradually after sunrise, remain open for varying lengths 
of time, close gradually during the afternoon, and remain closed all 
night. The daily rhythm of stomatal movements differs considerably 
in different varieties of wheat. Stomata of some varieties open very 
soon after sunrise and usually remain open most of the day. Stomata 
of other varieties open very slowly and remain open only a short time. 
There also are varieties with an intermediate type of stomatal be- 
havior. 

Stomata of the younger and more succulent plant parts open sooner 
and remain open longer than stomata on older or less succulent parts. 
Stomata on the young wheat leaves open sooner than most of the 
stomata on the older leaves, on the sheath, and on the peduncle of the 
plant. The differences are not great but are appreciable under 
ordinary conditions. 

The critical period for stem-rust infection is in the early morning 
immediately after sunrise and while the plants are heavy with dew. 
The fungus easily enters its host if the stomata are open during most 
of the critical period, but if they are closed during that time the fungus 
is excluded. There are great differences in the stomatal behavior of 
some wheat varieties during this critical period. 

Direct sunlight seems to be the most important stimulus for the 
opening of stomata of cereals. 

Artificial light, excess of moisture, and excess of moisture and tem- 
perature combined did not prolong the period of openness for stomata 
of cereals in the greenhouse. 

From inoculation and histological studies it appears that the stem- 
rust germ tubes generally, and probably always, enter the host only 
when the stomata are open. The fungus does not seem to force its 
way through closed stomata. 
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A variety of wheat may appear truly resistant to stem rust if the 
behavior of its stomata is such that most of the inoculum is excluded 
and rendered ineffective. 

There is a correlation between stomatal behavior and the resistance 
of certain varieties of wheat to stem rust in the field at University 
Farm, St. Paul. Stomata of the highly susceptible varieties, Little 
Club, Baart (Early Baart), Quality, and Reward, open soon after 
sunrise and remain open most of the day. Stomata of some slightly 
less susceptible varieties, Marquis, Ruby, Haynes Bluestem, Arnautka 
and Mindum, open a little more slowly after sunrise, but they too 
remain open most of the day. In the varieties which are highly 
resistant in the field, Hope, Webster, Acme, and Velvet Don, the 
stomata open very slowly and close again relatively early in the day. 
Varieties which are moderately resistant in the field, Kota and Ku- 
banka, have an intermediate type of stomatal behavior. 
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THE MINERAL CONTENT OF THE JUJUBE 1 

By Marjorie P. Benoy 

Associate in Tinman Nutrition and Dietetics , Oklahoma Agricultural Experiment 

Station 

INTRODUCTION 

Since the jujube or Chinese date ( Zizyphus jujuba Mill.) promises 
to become a satisfactory tree for southern cultivation, the chemical 
composition of its fruit begins to assume importance. Church 2 has 
analyzed the pulp of several varieties and has made comparisons 
between its composition and that of the fig and date. Table 1, giving 
some data taken from Table 1 of his article, shows the composition 
of the edible matter in the fruit of S. P. I. No. 30488, a variety used 
in the present study. 

Table 1. — Percentage composition of the edible material of jujubes on a moisture- 

free basis 


s. I 

». I. No. i 

, Reducing 

i 

Sugars 

Sucrose 

Total 

Acid as 
anhy- 
drous 
citric 

Protein 

NX6.25 

Cmde 

fiber 

Ash 

/ 

Uiideter- 
/ mined 

30488 * . _ 

____j 35.50 

37. 80 

73. 36 

0.80 

2. 73 

3.40 

1.90 

17. 7 \ 

30488 

i 30.73 

37. 90 

08. 03 

.80 

3.41 

1 

3.41 

1.97 

21. 7< 


« Was fully colored. * Partially colorod. Both were partly wrinkled and soft. 


A search of the literature has revealed no data on the mineral content 
of the jujube, and it was therefore thought advisable to make a mineral 
analysis. The fruit was collected in the fall of 1928 from two trees, 
of the varieties designated as S. P. 1. Nos. 17752 and 30488, which 
have been growing in the experiment station orchard since 1917. 
The fruit was in approximately the same state as Church’s first sample 
in Table 1, fully colored and quite wrinkled. 


EXPERIMENTAL PROCEDURE 

The fruit was washed, thoroughly scrubbed with a small brush, and 
dried in the sun; the pulp was separated from the seeds as completely 
as possible by stripping and scraping off with a knife, and seeds and 
pulp were dried separately (1) for several days at 70° C. and (2) over- 
night at 110°. The dried seeds with adhering pulp fragments were 
then rubbed gently in a mortar, and the powder which separated was 
added to the dried pulp. The material was then ground, thoroughly 
sifted, and placed in open beakers in a large desiccator, where it stood 
for some time before analytical work began. Material intended for 


i Received for publication May 11, 1929; issued December, 1929. 
director of the experiment station. 

a Thomas, C. C. the Chinese jujube. XJ. S. Dept. Agr. Bui. 1215, 31 p., lllus. 
on Composition of the Chinese Jujube, by C. G. Church, p. 24-29.) 
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iron analyses was ground in a porcelain mortar; for the rest a Wiley 
mill was used. The dried material was kept in the desiccator between 
times when samples were being taken. Occasionally total-ash 
determinations were made in order to detect any change in 
composition. 

The analytical methods used were among those recommended by 
the Association of Official Agricultural Chemists 3 except that the 
potassium was weighed as the perchlorate, and an adaptation of 
Kennedy’s 4 method was used for iron. 

Iron determinations were carried out as follows: 5 gm. of dried 
material was ashed at a dull-red heat to a gray ash, treated with 
concentrated HN0 3 , and reashed; the process being repeated, if 
necessary, till no carbon particles remained. The residue was 
digested with 2 o. c. of concentrated HC1 and 3 drops of concentrated 
IINO3. The solution and the insoluble silica were washed into a 
50 c. c. flask and diluted to the mark. I 11 the case of the raisins and 
dates, which were analyzed along with the jujubes for purposes of 
comparison, 4 c. c. of concentrated HC1 was used and the sample 
diluted to 100 c. c. Ten cubic centimeter portions were pipetted into 
glass-stoppered bottles, treated with 10 c. 0 . of amyl alcohol and 5 c. c. 
of 20 per cent KCNS solution, the mixture shaken gently, and the 
alcohol layer pipetted into a colorimeter cup, and the color compared 
with that of a standard. A standard was made up with analytical 
iron wire dissolved in I1 2 S0 4 and oxidized with a little IIN() 3 . From 
the first standard, others of convenient concentrations were prepared 
as follows: A measured volume of the iron solution was placed in a 
graduated flask, a measured quantity of 1 :4 HC1 was added, and the 
flask filled to the mark with distilled water. Ten cubic centimeter 
portions of the iron solutions of the fruits had been titrated with 0.2 
N NaOH ; and the amount of 1 : 4 II Cl added in preparing the stand- 
ards was the calculated amount required to make the acidity, volume 
for volume, of the standards equal to the average acidity of the solu- 
tions under examination. 

The presence of interfering substances, phosphates and the like, 
was tested for by making equal mixtures of the standard and the 
solutions under examination and comparing these with the standard 
in the colorimeter. The observed iron content of such mixtures in 
every case compared closely enough with the calculated value to 
indicate that interfering compounds could not be present in significant 
amounts. 

The raisins and dates used were of standard brands, bought on 
the market. 


3 Association of Official Agricultural Chemists, official and tentative methods of analysis. 

COMPILED BY THE COMMITTEE ON EDITING OF ANALYSIS. REVISED TO JULY 1, 1924, E<1. 2, 535 I)., illus, 

Washington, D. C. 1925. 

4 Kennedy, II. P. the quantitative determination of iron in tissues. Jour. HioJ. Chern. 385-391. 
Hus. 1927. 
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ANALYTICAL RESULTS 

The results of the analyses are shown in Tables 2 and ;b 

Table 2 . Percentage of ash and individual mineral constituents in jujubes as 
compared with dates and seeded raisins 


Ash « Ash in ' Mineral constituents on a moisture-free basis 

in I edible ■ 



i edible , mate- j 





’ 





Fruit 

1 mate- rial, 








Sif) 2 

solu- 


! rial, mois- 
original Iture-free a 

MgO 

KoO 

Na 2 0 

PsOfi 

! 

MnOjFcjOs 

SOa 

Cl 


basis i basis | 








ble 

Date 

j. 40 2 04 () 138 

0. 138 
. 08X 1 

0. 904 

1. 445 

0.079 

S . 122 

0. 010 
0.031 

0.0090 

.0109 

0. 149 
. 118 

0.412 
. 040 

0. 122 
. 171 

Seeded raisin . 

2. 04 2.04 . 07* 

Jujube S. P. 1. 

No. ; 

1 







17752. 

1.03 1. K4 . 100 

. 083 

1. 050 

: .031 

.019 : 

0.021; .0021 

.034 

. 070 

; .005 

Jujube S. P. 1. 

No. 

304 SX 

1.42 2.30 .132 

.083 

1. 318 

. 033 

.015 

.023 .0027 

. 033 

. 080 

. 000 


“ For this determination, raisins and date's were used as they came from the package, jujubes after 
being cleaned and dried for several days in the sun. 


Table 3 .- --Composition of ash of jujubes compared with that of dates and seeded 

raisins 



Total 
ash on a 



Fruit 

mois- 
1 ure-fm* 

! basis 

Cn<> 

MgO 


\Per cent 

; 


Date _ 

2.04 

0. 03 

: 0.52 

Seeded raisin 

2. 94 

2. 04 

: 2.07 

Jujube S. P. 1. No. 17752- 

1.84 

5. 42 

! 4.40 

Jujube S. P. I . No. 30488. . 

. . 2. 30 

5. 00 

j 3.53 

1 


Percentage composition of ash 


1 

X 2 0 jNa ;i (> 

PA.).-, MnO 

Fea< >3 

S O3 

n 

SiOj 

(solu- 

! 




i 

ble) 

45.04 | 2.30 

0. 78 , 

0.471 

7. 35 1 

19. 00 

5. 77 

48. 72 1 4. 1 1 ! 

1.00 

.570 

4’ iii 

1.31 

4.81 

50,40 j 1.05 ! 

1.04 1. 11 

. 115 

1 1.85 

4. 08 

.28 

54. 78 | 1. 29 

.04 j .99 

. 115 

1.40 

3. 49 

1 

.27 


Considering those minerals which are of chief nutritional signifi- 
cance, the two varieties of the jujube studied are seen to compare 
favorably with the date and raisin as sources of phosphorus and cal- 
cium but to be markedly inferior in iron content. 




TRANSGRESSIVE SEGREGATION FOR SUSCEPTIBILITY 
TO SMUT IN AN OAT CROSS 1 


By R. J. Garber, N. J. Giddings, and M. M. Hoover, West V irginia Agricultural 

Experiment Station 

INTRODUCTION 

In a recent paper 2 evidence of transgressive segregation for sus- 
ceptibility to smut in the oat cross Gopher X Black Mesdag was 
presented. During the season of 1928 further data relative to this 
case were collected, and it is the purpose of the present paper to 
present some of these. 

The pertinent literature was reviewed, and a description of the 
general methods followed in this investigation was given in the article 
cited above. During the season of 1928 the F 3 families were grown 
in triplicate plots, but the F 4 and F f) families were grown in duplicate 
plots. In all, there were planted 120 seeds of each F 3 family, 80 
seeds of each F 4 and F s family, and 40 seeds in each parental plot. 
The parents were interspersed at intervals of 10 plots (20 rows) 
among the progeny. Each plot in the nursery consisted of two rows 
5 feet long. Consequently, with but 20 seeds planted per row, there 
was ample space for individual plant development. 

All seed was treated with smut 3 spores about one month before 
the date of planting (June 10 and 18). A fairly successful smut 
epidemic was obtained, although in certain places in the nursery 
there seemed to be a somewhat lower infection than in others, as 
indicated by the degree of infection of the Gopher parent. Smut 
notes were taken after all the oats were completely headed and again 
at harvest time. 

F 3 FAMILIES 

The percentage of smutted plants and the color of seed of the F 3 
families and of the parent stocks grown in 1928 as well as those 
already reported 4 are shown in Table 1. Of the 50 F 3 families grown 
in 1928, 13 showed no evidence of smut infection and 6 gave rather 
striking evidence of a susceptibility to smut greater than that of 
the Gopher parent. The other 31 F 3 families showed a range in 
percentage of smut infection which fell within that of the susceptible 
parent. It is apparent that the data collected in 1928 are similar to 
those obtained in 1926. In the latter year each F 3 family was 
grown in a single plot of three rows only, which accounts in part 
at least for the somewhat greater variability obtained. Each variate 
recorded in the frequency distributions for 1926 represents a single 
plot, whereas each variate recorded for 1928 represents triplicate 

1 Received for publication Feb. 19, 1929; issued December, 1929. Approved as Scientific Paper No. 72 by 
the director, West Virginia Agricultural Experiment Station. 

2 Garber, R. J., Dippings, N. J., and Hoover, M. M. breeding for disease resistance with 

PARTICULAR REFERENCE TO THE SMUT OF OATS. Sci. Agr. 9: J03-115. 1928. 

3 No effort was made to distinguish between loose smut ( Vstilago avenae) and covered smut, (l 7 . levin), 
although most of the oat smut which occurs naturally in the vicinity of Morgantown, W. Va., is U. atenae 

« Garber, R. J., Dippings, N. J., and Hoover, M. M. Op. cit. 
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plots. On the basis of progeny tests it was found that 2 F 3 families 
recorded as “zero infection” in 1926 were wrongly classified. The 
correction has been made in Table 1. 

Of the 150 Fs families which were grown, 32 showed no evidence 
of smut infection and 13 showed transgressive segregation for smut 
susceptibility. Assuming that a single main factor difference is 
responsible for determining the high degree of resistance, if not 
immunity, of the Black Mesdag parent, one would expect one-fourth, 
or 37.5, of the F 3 families to be similar to it in smut reaction, whereas 
32 actually were obtained. The difference (5.5 ± 3.6) is not significant. 

Table 1. — Number of smutted plants in various percentage classes and color of seed 
among the parents and families of an oat cross , Gopher X Black Mesdag , and 
the reciprocal , grown in 1926 and in 1928 , at Morgantown, W. Va. 


Parent or 

Year 

Color of 



Number of plants in smut-percentage classes 



progeny 

grown 

seed 

0 

2.5 

7.5 

12. 5 

17.5 

22. 5 27. 5 

32. 5 

37. 5 42. 5 

47. 5 

52. 5 

57. 5 62. 5 

67. 5 

Gopher 

1926 

White 

1 

1 

1 

1 


i 

3 ; 2 

1 

1 ... 






Black Mesdag. .. 
F3 families 

1926 

Black 

11 






j 


1926 


7 

6 

5 

"Y 


1 1 


1 


1 

i 

1 

Do 

1920 1 

Segregat- 

ing. 

White... J 

7 ; 

8 

19 

1 

9 


2 

2 

1 


3 


Do 

1926 

r 1 

1 

6 

4 


2 ' 1 

1 

2 1 






Gopher 

1928 1 

...do 


2 

2 

1 







Black Mesdag... 
F3 families. ... 

.1928 

Black 

5 1 












1928 

do 

4 i 

5 

’2* 

.... 


1 i 








Do 

1928 

Segregat- 
i ing. 
White.... 

7 

6 

. 7 

1 


2- 2 

"l 







Do 

1928 

2 

1 2 

: 6 

1 



1 








! 



r 1 1 

i 







To- 

tal 


11 

11 

26 

51 


23 

5 

13 

26 

11 


The F 3 families which showed a susceptibility to smut greater 
than that of the Gopher parent indicate that at least one additional 
hereditary factor is conditioning smut reaction in this cross. The 
Gopher parent has consistently proved to be of moderate suscep- 
tibility as compared with the highly susceptible progeny lines. 


LINKAGE 

Some evidence of a genetic linkage between the black-color gene 
and at least one factor which is causing increased smut susceptibility 
has been published. 5 The data obtained in 1928 corroborate those 
obtained earlier. The six F 3 families which showed transgressive 
segregation for smut susceptibility were either black seeded or segre- 
gated for black-seed color. In 1926 there were also six F 3 families 
which showed susceptibility to smut clearly beyond the range of the 
Gopher parent and two additional families were doubtful but showed 
percentages of infection a little greater than that of the most sus- 
ceptible plot of Gopher. One of these F 3 families had white seed 
and the other black. 

F 4 FAMILIES 

The F 4 families grown in 1927, and already reported, are shown in 
Table 2. Family 17-10-30 did not show any smut infection in 
F 3 , but one of the five F 4 families grown from it had a single smutted 
plant. Further tests in F 6 indicated that this family was truly a 


j *0 arber, R. J. f Giddinqs, N. J., and Hoover, M. M„ Op. cit. 
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zero-infection strain; hence a correction has been made in^he data 
originally published. 

All of the families except one noted as zero infection in F 3 apparently 
bred true for this character in F 4 . One F 3 family, 10 15-59, produced 
four F 4 families which showed smut to one which did not; consequently 
the F 3 should probably have been classed as a low-infection rather 
than as a zero-infection strain. 


Table 2. — Percentage, of smutted plants among the F* families , number of smutted 
plants in various percentage classes among the respective F A families , and the 
parents grown among the latter , of an oat cross, Gopher X Black Mesdag , and 
the reciprocal , grown in 1927. 


Parent or 
progeny 


Oopher 

Black Mesdag 

PM 5 -4 __ 

10-15-8 

10-15-7.. . . 

16-16-39 

10-1,5-10 

16-16-31 

I f 5— 15-1 

10-16-21. 
16-15-17.. 
16-16-35... 

10- 15-30... 

10 ■•16-63... 
16-16-55... 

16- 15-59.. .. 
10-15-04. ... 
10-15-08. 

17- 10 1 
17-10-21. 
17-10-22. 
17-10-35. 
17-10-30. 

17-10-54 

17-10-02.. 
17-10-64... 
17-10-52... 

1 7- 10-08.. . 
17-10-53. ... 

1 7-10-75... 
17-10-72 .. . 
17-10-48... 


F 3 families 


Plants 


Smut- 

ted 


0 

1.5 
12. 5 
55. 0 
0 

1.5 

13.7 
27. 1 
0 
0 

20 . 1 
0 

27. 1 
0 

0 

28. 8 
0 

50.9 , 
1.5 ! 

5) 

11. 1 
0 

50. 7 
0 

05. 5 
0 __ 

' 1 . 5 
0 


Number of plants in various smut-percentage classes among 

F 4 families 

0 : 2.5 ; 7.5 


17. 5 

\ 

22.5 ! 27.5 

32.5 | 37.5 | 42.5 

3 7 

* 


| 

1 i. .... 

| 1 

16 






5 : - 




3 l 

] 




1 ! 3 i 

! 

O 



1 

........ j 1 

...1 




; , 

1 1 



1 1 

1 . . . 3 



1 ! 1 


8 1 

2 i 1 1 

... 

1 







1 


1 1 

i 

T 

1 

1 

1 3 1 




1 2 1 



? 

1 

r 1 ' 

, - ■ - ; 

I J 


1 



3 1 . 

I 

j 

i | i” 


|' e 

i 

! L ... 

! .... ! ! 1 

2 1 1 

j 5 . . ... 

j 

— 

j ^ 


1 2 1 J ; 2 

1 jo .... 

| 4:,.‘ ' 

1 


1, “ 

! • ‘j 

I . ; i 


To- 
tal ® 


1ft 

1ft 


5 

10 


« Most of the duplicated parental and F< plots contained from 05 to 70 plants, 
parent were grown, thus making 10 duplicates comparable to the Fi families. 


Thirty-two plots of each 


It is obvious from Table 2 that all the F 3 families classified as low- 
infection strains were heterozygous, as they produced both smutted 
and smut-free F 4 families. On the other hand, all the families which 
showed a high, and some of those which showed an intermediate 
degree, of smut infection in F 3 produced in F 4 only iamilies which 
contained smutted plants. 

In Table 3 are shown the F 4 families and the parents among them 
grown in 1928. The F 3 lines from which these F 4 families were de- 
rived were grown in the same year (1926) as the F 3 lines reported in 
Table 2. 

There were eight F a lines noted as zero infection which were grown 
in F 4 . All but one proved to be homozygous for this character. 
Strain 17-1 0-1 5]produced both smutted and smut-free F 4 families, 
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and hence probably should have been classed as a low-infection rather 
than as a zero-infection strain. 

Table 3. — Percentage of smutted plants among the Ft families, number of smutted 
plants in various percentage classes among the respective F 4 families , and the 
parents grown among the latter , of an oat cross , Gopher X Black Mesdag , and the 
reciprocal , grown in 1928. 


Parent, or 
progeny 


Gopher 

Black Mesdag. 

16-15-18... 

16-15-3. 

16-15-51 

10-15-29 

16-15-74 

16-1.5-41 

16-15-77 

16- 15-49 

17- 10-2 

17-10-8 

17-10-10 

17-10-15 

17- 10-1 7_ 

17-10-27. 

17-10-43 

17-10-47 

17-10-60 

17-10-63 


Fa families 


Plants 


Number] 


Smut- 

ted 


Per cent 


20.6 

0 

30.8 
0 

33. 3 
0 

40.9 
0 

37.3 

0 

36. 2 
0 

22. 1 
0 

42.7 
0 

34.7 

38.6 


Number of plants in various smut-percentage classes among F< 
families 


7.5 


17.5 


22.5 


27.5 32.5 


1 


i 2 

j"iYT 


i i i 


it 


37.5 


42.5 


47.5: 


52.fi 




57.5 


To- 

tal 


9 

9 

5 


5 

5 

5 

5 

5 

5 

5 


Strain 16 -15-18 with an infection of 20.6 per cent smut in F 3 pro- 
duced both smutted and smut-free F 4 families, whereas strain 17-10- 
17, with approximately the same degree of infection (22.1 per cent) 
in F 3 , produced nothing but rather highly susceptible F 4 lines. The 
remaining eight strains, which ranged in smut infection from 30.8 to 
42.7 per cent in F 3 , produced only F 4 families which contained some 
smutted plants. 

From the data reported it seems reasonable to conclude that the 
zero-infection F 3 lines are homozygous, that the low-infection F 3 lines 
are for the greater part heterozygous, and that the moderately liigh 
and the highly susceptible F 3 lines are probably homozygous for at 
least one main factor for susceptibility. 

F 6 FAMILIES 

The F 5 families and the parents grown among them in 1 928, together 
with the ancestral F 4 lines grown in 1927, are shown in Table 4. In 
general, the F 5 lines derived from zero-infection F 4 families bred true 
to this condition. The exceptions were strains 16-15-31-1 and 
16-15-53-3, each of which produced one F fi family that contained a 
single smutted plant. 

Family 16-15-8-5 contained 10.2 per cent smutted plants in 1927. 
From Table 2 it may be seen that three of the sibs of this family were 
recorded as zero infection, and one fell in the class of 2.5 per cent 
infection. The five F 5 families from line 16-15-8-5 (Table 4) fell 
into the following classes of percentage infection: One, zero; three, 
2.5; and one, 12.5, 
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Tow per- 


P amily 16—15—7—5 was one of four sibs which showed a Tow per- 
centage of smut infection in 1927. The other related F 4 line showed 
a zero percentage infection. In F fi , of the five descendant lines from 
16-15-7-5, but one showed any smut and that one In a single plant 
only. Some of these lines may have been susceptible but escaped 
infection or, if infected, failed to give external evidence of it. A 
further test of these strains will be made in the F 6 generation. 


Table 4 — Percentage of smutted plants among the F 4 families, number of smutted 
plants in various percentage classes among the respective b\ families , and the 
parents grown among the latter, of an oat cross, Gopher X Black Mesdag, and the 
reciprocal 


Parent or progeny 


F< families 


Number of plants in various smut-percent- 
age classes among F 5 families 


Total 



Plants 

Smutted 

0 

2.5 

7.5 

12.5 

17.5 

22.5 | 27.5 


Number'i Per cent 






i 

( lopher . . - 



2 

4 

5 

3 


.... 

Black. Mesdag 1' 



14 





! 

Ki-15 4 1 

62 

0 

1 





1 

1 (VI 5-4-2. 

64 

0 

1 





1 

1(1 15 4-4 

55 

0 

1 






1(1 15 -4 - 5. . _ _ . . 

59 

0 

1 






Hi-1 5-8-1 __ 

45 

0 




— 



1(1-15 8 5 .. .. 

49 

10.2 


3 



1 



1(5-15-7-3 . 

33 

0 

5 






HI 15-7 5 . . 

59 

1. 7 

4 

1 





1(5-15 1(5-2 ... _ 

70 

0 

o 






Hi- 15 1(5-4.. 


0 

3 






H5-- 15 3 1 - l 

64 

0 

4 

1 





Hi- 1 5-3 1-5.. 

61 

1.(5 

2 


■ r 




1(5-15 1- 5 


0 

5 






1 (5 1 5-3.5- 1 

54 

o 

3 






Ki-15-17-2. ! .. 

63 

0 

5 






10-15- 53-3. . . 

(59 

0 

2 

1 





1(5-15-35 4 

59 

0 

3 






1(5-1 5-458- 5 

51 

2 . 0 


2 

2 

1 



1 7-10-1-1 

53 

0 

3 






17-10-02-1 ... 

50 

0 

3 


; ’ 

17-10-48-1 

51 

0 

3 


i 

17-10- 1-2 

64 

0 

3 



17- 10-30 1. 

43 

2.3 

5 i 






17-10-53 2 

45 

0 1 

3 i 





i 

17 10-48 2 .... 


0 I 

3 


■ , i 

17-10 1-3 . .. . . _j 

64 

0 

3 1 



17-10-02 3 1 

! 55 

0 

8 ! 






17-10-48-3 J 

50 

0 

3 j 

’ " 





17-10-1-4 .. 

65 

0 

3 j 






17-10-53—3 I 

58 

o 

3 i 


j 

17-10-1-5. . . . J 

61 

0 

3 i 

1 

i ; 

17-10-53-5 

(50 

0 

3 

l 

; 

17-10-4H-5. . 

57 

0 

3 


! ! 

17-10-48-6. ... 

4(5 

0 1 

2 



j ! 

17-10-48-7 

38 

0 

2 



1 

17-10-48-8 __ 

54 

0 

2 



j i 

17-10-48-9 

54 

0 

2 



1 ! 

17-10-48-10... 

55 

0 

2 

j 


, . - 

16-15-17-6 . 

51 

0 

4 



! 

17-10-68-1 

46 

34. 8 


1 

1 



l 

17-10-68-5 

57 

88.6 



1 

1 


i 

17-10-64-1 .... . 

50 

10.0 j 

2 


1 




17-10-64-2 

57 

30.0 


2 



1 

| 









1 


M 

14 

1 

1 

I 

1 


5 

5 

3 

5 

5 


3 

5 


3 


3 

3 

3 

3 

5 

3 

3 


3 

3 

3 

3 

3 

3 


2 

2 

2 

2 

2 
4 

3 
3 
3 

3 


Line 16-15-31-5 is one of three F 4 families with the same ancestry 
that showed a low r percentage of smut. The other two related F 4 
families showed no smut. The F 5 descendants of 16-15-31-5 showed 
percentages of smut as follows: Two families with zero infection; two 
families which fell into the 2.5 per cent class; and one family into the 
7.5 per cent class. In other words, these five F 5 families which 
descended from 16-15-31-5 reacted to smut in a manner very similar 
to that of the five F 4 families from 16-15-31. 
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Strain 16-1 5-68-5 was one of five F 4 lines with the same ancestry 
which showed a low percentage of smut infection. It is obvious 
from Table 4 that the five F 5 lines descended from this strain also 
showed a low percentage of smut infection, indicating homozygosity 
for the character. 

In 1927 strain 17-10-30-1 was the only one of five F 4 families from 
the same F 3 line which showed any smut, and this strain showed smut 
in but a single plant. Although precaution was taken to prevent an 
accidental mixture, there is always the possibility of contamination 
from this source. Then, too, there is an appreciable amount of 
natural crossing in oats at Morgantown, as has been shown in a pre- 
vious publication. 6 Whatever the cause of the single apparently 
susceptible plant observed in the F 4 family, none of the F s descendants 
showed any smut. The evidence strongly indicates that the F 3 line 
17-10-30 was homozygous for the main factor controlling smut 
reaction. 

Three F 6 families were grown from low-infection strain 17-10 64-1. 
Two of these showed no evidence of smut and one showed a percentage 
of smut that fell into the 7.5 class. This result was hardly expected, 
as F 4 strain 17-10-64-1 was one of five which showed smut. A 
further test in the F 0 generation will be made. This is of particular 
importance because of the fact that two of the duplicate plots of 
Gopher did not show any evidence of smut infection in 192S. 

The three remaining F 4 strains which showed smut in 1927 and 
which were tested in F 5 were classed as moderately high in suscepti- 
bility. Each one of the three produced one F fl family which showed a 
degree of smut infection greater than the most susceptible duplicate 
plots of Gopher. 

PEDIGREES OF CERTAIN Fr, LINES 

In order to bring some of the pedigrees together for comparison 
Table 5 has been prepared. It will be observed that all of the lines 
listed in the table which gave no evidence of smut infection in F 3 
bred true for this condition through the F 5 generation. Two of the 
three F 3 families which showed a relatively low smut infection pro- 
duced both infected and noninfected descendants. The third family, 

16- 15-31, produced three infected and two noninfected F 4 lines, and 
of the five F 5 families grown from one of the noninfected strains four 
showed no evidence of smut and one showed smut in a single plant 
only. The data seem to indicate the possibility that 16-15 -31 also 
was heterozygous for smut reaction. Strain 10-15-68 contained 28.8 
per cent smutted plants in F 3 , a percentage w r ell within the range 
exhibited by the Gopher parent grown the same year. The five F 4 
families likewise showed percentages of smutted plants similar to 
Gopher grown that year, and again in F fi the Gopher parent and the 
five families descended from one of the F 4 lines showed similar reac- 
tion, thus indicating that the genotypes of these lines are similar to 
that of one of the parents. The highly susceptible F 3 families, 

17- 10-64 and 17-10-68, produced only susceptible F 4 lines. The 
group from the former ranged from 10.0 to 29.8 per cent of smutted 
plants and from the latter 29.8 to 42.9 per cent. However, in F 5 
two families descended from 17-10-64 and one from 17-10-68 gave 

6 Garber, R. j., and Quisknbkrry, K . 8. natural crossing in oats at Morgantown, west 
Virginia. Jour. Amer. Soc. Agron. 19: 191-197. 1927. 
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no evidence of infection. This fact may or may not be r J'f genetic 
significance, particularly in view of the somewhat erratic smut 
epidemic obtained among the F 5 families. Further tests are being 
made. With the technic used in this experiment considerable varia- 
tion in the percentages of smutted plants among the highly suscep- 
tible line was expected, but families without any smutted plants 
were not expected. It is evident from Table 5 that some of the V F) 
families from the two highly susceptible F 3 lines again showed trans- 
gressive susceptibility . 


Table 5. — Pedigrees and number of smutted plants in various 'percentage classes 
among certain lines of the oat cross , Gopher X Black Mesdag, and the 
reciprocal 


Progeny 


| Smutted 
| in Fi 


in-i.v:i.v 
in- j. vos. 


17 - 10 - 5 :}.. 


] 7-10-62- . 
17-10-04 .. 
17-10-08... 


I 


j Per cent 

10-15-7 . . 1 12.5 

10-15-8 ' 1.5 

10-15-10 j 0 

10-15-17. . . . j 0 

10-15-:.} I 1 1.5 


0 


Progeny 


j Number of plants in various 
j smut-percentage classes 

Smutted among Ft families 
in F< j 


/10-15-7r3 

1 16- 15-7-5 _■*. ... 

(10-15-8-1... 

1 IO-J 5-8-5 

fl 0-15- 10-2. . 

1 10-15-10-4 . 

J 10- 15-17-2. 

\ 10-15-170. 
fl«- 1,5-31- J 
U0-J5-31 5. 

(10- 15-35-1 
110-15-35-4 

10- 15-08-5 
1 7-10-1-1... 

17-1 (VI -2 
17-10-1-3- . 

17- 10-1-4. . 

17-10 1-5. . 

17-10 48 1. 

17- 10-18 2 
17 KV48-3. 

1 7- 10-48-5 
17-KV48-0 
17-10-48 7. 

17- 10-48 8 

18- 1(M 8-9 
18-10-48-10. . 

17 KV53--2. 

17- HV53--3 
17-10-53-5. 

117- 10-02-1 
\1 7 -10-02-3. 

1 17- 10-04- 1 . 

1 17-10-042. 

/ 1 7-10-08-1 
U7-KV08-5. 


0 


Per cent 
0 

1.7 

0 

10. 2 
0 

0 | 
0 : 
0 
0 

1.0 

0 

0 

2.0 i 
0 ' 


12. 5 17. 5 22. 5 27. 


0 
0 
0 
0 
0 
0 
0 
0 

0 2 

0 2 

0 2 

0 2 

0 : 2 

0 3 

0 3 

0 3 

0 3 

0 3 

10. 0 2 

30 . 0 j... 

34. 8 1 

38 . 0 ... 


INHERITANCE OF SMUT REACTION 

A considerable number of F, plants have been grown in connec- 
tion with this investigation, but even though the crossed seed was 
treated with smut spores no smutted Fj plants have been found. 
In 1928 some crossed seed was hulled, treated with smut, and then 
planted. Of the 23 plants produced, none showed any evidence of 
infection. Resistance apparently behaved as a dominant in the cross 
Gopher X Black Mesdag and the reciprocal. 

In considering the inheritance of smut reaction it may be well 
first to reexamine the 100 F 3 families' grown in 1926, when a severe 
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epidemic was obtained, and take into account the behavior of the 
F 4 generation. To aid in this reexamination Table 6 has been pre- 
pared. A family was considered as segregating if it produced both 
infected and noninfected descendant lines. Of course this classifica- 
tion does not take into account families which may be segregating 
for degree of susceptibility. 

Table 6 . — Breeding behavior of certain families as revealed in the Ft generation 
of an oat cross , Gopher X Black Mesdag, and the reciprocal 


centSiedSss' Breedin S n » ture . of l )lants as 
cen ; ag ?, clasS i shown in 

in r 3 | 

...... i ... 

Fa fami- 
lies 


fHornogynous resistant 

Number 

19 


\ Segregating 

2 

0. 1- 9. 9 

do 

; 4 ! 

10 -19.9 

do ...... 

3 i 

20 -29.9 

fHornogynous susceptible 

4 

l Segregating 

3 

30 j 

Hoinogynous susceptible 

13 ! 

1 


It is apparent from Table 0 that of the 21 F 3 families which showed 
no smut, 19 bred true to this condition in F 4 . In all cases at least 
5 F 4 families were grown from each F 3 line that was tested. The 
2 F 3 lines which segregated in F 4 should have been classified as low- 
infection strains. The 7 F 3 families which showed a percentage of 
smut infection between 0 and 19.9 segregated in the next generation, 
and of the 7 F 3 lines with a percentage of smutted plants from 20 to 
29.9, inclusive, 4 bred true and 3 segregated. All of the 13 F 3 lines 
with a percentage of smutted plants 30 or above bred true. In view 
of this situation, the 100 F 3 families grown in 1926 (Table 1) may be 
classified as follows: Nineteen bred true for zero infection; 64 segre- 
gated and 17 bred true for more or less infection, a ratio which de- 
parts rather significantly from monohybrid expectation (P-- ap- 
proximately 0.03 with 2 degrees of freedom 7 ). If the segregating 
families and those which bred true for more or less infection are 
grouped together, the deviation (6.0 ±2.9) is hardly significant. 

It will be observed from Table 6 that only seven F 3 families which 
showed percentages of smutted plants between 0.1 and 19.9 were 
tested in F 4 . It is possible that if more families in this F 3 group had 
been grown, a few homozygous ones would have been found. More- 
over, it should be pointed out that a few F 2 plants, from which the 
F 3 lines were derived, were eliminated because they were infected 
with smut and produced little if any seed. One or both of these 
causes may have been instrumental in producing the departure from 
expectation noted above. 

Considering the 50 F 3 families grown in triplicate plots in 1928 
(Table 1) and placing them in two classes, those which showed no 
smutted plants and those which did, a ratio of 13 to 37, respectively, 
is obtained; a very close agreement with a 1:3 ratio. It seems 
reasonable to conclude that one main factor difference was operative 
in determining the resistance or immunity of the Black Mesdag 
parent in this cross. 


7 Fisher, K. A. statistical methods for research workers. 239 p., Ulus. London, 1926. 
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The data collected from the F 5 generation for the most part bore 
out the conclusion just stated. Some irregularities did appear, but 
they may have been due to nongene tic causes. Further tests are 
being made in the F 6 generation . 

TRANSGRESSIVE SEGREGATION 

Families were obtained in the F 3 and later generations which con- 
tained a distinctly greater percentage of smutted plants than did the 
susceptible parent grown in close proximity, thus indicating that 
transgressive segregation had taken place. It seems probable that 
the Black Mesdag parent brought into the cross one or more factors 
which increased susceptibility when associated with the suscepti- 
bility factor of Gopher. The results obtained thus far may be 
explained fairly satisfactorily by assuming that Black Mesdag carries 
a dominant factor ( R ) which gives high resistance, if not actual 
immunity, and another factor (i) which when associated with the 
homozygous condition for susceptibility (r) of the Gopher parent 
results in transgressive segregation. The reaction of Gopher to 
smut suggests that the I factor carried by it may act as an inhibitor 
to r or that it is an additional fagjtor for resistance but less potent 
than the R factor carried by Black Mesdag. 

A tentative factorial analysis follows: 

k 2 j-3 

It i i. R R / /] 

2 R R I i\ Breed true for resistance. 

R R i ? j 
2 Rr II 
4 It r I i 
2 R r i i 

r r I I Breed true for susceptibility 

of Gopher. 

2 r r I i . . . _ Somewhat more susceptible 

than Gopher. 

r r i i . ... . _ •'Breed true for high suscep- 

tibility. 

On the basis of this hypothesis approximately one-sixteenth, or 9.4, 
of the 150 F 3 families would be expected to show transgressive 
susceptibility. There were 13 such families acttiallv obtained, i. e., 
families which showed percentages of smutted plants greater than 
the most susceptible plots of the Gopher parent. The departure 
from expectation is 3.6 ± 2. 

The F 3 families homozygous for R (should) breed true for zero 
infection, and for the most part such results were actually obtained. 
The F 3 families from F« plants heterozygous for R (should) show low 
susceptibility similar to Gopher, but (should) show segregation in the 
F 4 generation. The seven F a families which showed a low infection and 
the two additional F 3 families which did not show any smutted plants, 
but probably should have been classified as low-infection strains, all 
segregated in F 4 . Of the seven F 3 families which showed percentages 
of smutted plants from 20 to 29.9, inclusive, four segregated and three 
showed some smutted plants, but only one (16-15-68) of this latter 
group apparently bred true for the degree of susceptibility of the 
Gopher parent. On the basis of the above hypothesis about one-ninth 
of the slightly susceptible F 3 strains would be expected to breed true. 


Dow suscept 
gate in Fi 


I Bill 




Parents : 

Black Mesdag, R 
Gopher, r r 1 /. 
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Mentib^ already has been made of the fact that the black-color gene 
B of the Mesdag parent seems to be linked with the i factor. Certain 
back crosses have been made, and it is hoped that the data obtained 
from these will not only clear up this linkage relation, but will also 
clarify the inheritance situation. 


SUMMARY AND CONCLUSIONS 

Gopher, a pure-line selection of oats moderately susceptible to smut, 
was crossed with a highly resistant if not immune pure-line selection 
of Black Mesdag. The inheritance of resistance to smut in relation 
to seed color has been studied through the F 5 generation. 

Resistance to smut is apparently dominant and controlled by a 
single main factor difference. Evidence of a modifying factor or 
group of factors was also obtained. Certain lines descendant from 
the cross showed distinctly greater susceptibility to smut than did 
the Gopher parent grown at the same time. 

There is apparently a linkage between the black-color gene and a 
modifying factor which is bringing about transgressive segregation 
for susceptibility. 



THE VITAMIN-C CONTENT OF FRESH SAUERKRAUT 
AND SAUERKRAUT JUICE 1 


Bv Bertha Clow and Abby L. Marlatt, Department of Home Economics , 
W. H. Peterson, Department of Agricultural Chemistry , and E. A. Martin, 
Department of Agricultural Bacteriology , Wisconsin Agricultural Experiment 
Station 

INTRODUCTION 

There is a considerable amount of advertising before the public 
proclaiming the value of sauerkraut and sauerkraut juice as sources 
of the vitamins. Statements such as “ contains all the vitamins” 
and “rich in vitamins A, B, C, and D” have been used, but these 
statements appear to be based upon general observations rather 
than upon experimental evidence. In some cases it is said that cab- 
bage contains all the vitamins, and the inference is drawn that sauer- 
kraut likewise contains all the vitamins. In view of the well-known 
instability of vitamin C, it appears legitimate to raise the question 
whether this vitamin is present in a product which has undergone 
such operations as are involved in the making and marketing of 
sauerkraut. * * 

Some justification for the belief that sauerkraut must contain 
vitamin C is found in old reports regarding its use as an antiscorbutic 
agent on long sea voyages and the freedom from scurvy in certain 
regions where sauerkraut was extensively used as a food (4, p- 45). 2 
But many other and often unobserved factors operate in such cases, 
and it is unsafe to place much reliance on these old reports. 

A review of the literature seems to show only two pieces of experi- 
mental work on the vitamin-C content of sauerkraut. Ellis, Steen- 
bock, and Hart (#), in their study of the stability of the antiscorbutic 
vitamin and its response to various treatments, include data on raw 
sauerkraut obtained from a local grocery. In this work the} 7 fed the 
sauerkraut at 2.5 and 5 gin. levels (daily ) to guinea pigs on a scorbutic 
ration. On the 2.5-gm. level the animals died of scurvy within 
four to live weeks, while those on the 5-gm. level died in about six 
weeks. The conclusion of Ellis and his associates was that at these 
levels the sauerkraut showed no evidence of possessing antiscorbutic 
properties. 

In a later paper, Wedgcwood and Ford (9) report that sauerkraut 
juice in quantities ranging from 0.5 gm. to 5 c. c. per day did not 
prevent scurvy in guinea pigs. They are not very explicit as to how 
the sauerkraut was made, and it is therefore difficult to decide whether 
or not their sauerkraut can be taken as representative of the commer- 
cial product. Their work is also open to the criticism that the sauer- 
kraut juice used may have lost its potency as a result of storage. 
The juice for the entire feeding period (26 to 33 days) was expressed 
from the sauerkraut at the beginning of the experiment and kept on 

1 Received for publication Apr. 13, 1929; issued December, 1929. Published with the permission of the 
director of the Wisconsin Agricultural Exjwrlment Station. 
a Reference is made by number (italic) to* 4 Literature cited,” p. 971. 


Journal of Agricultural Research, 

Washington, D, t\ 

(963) 


Yol. 39, No. 12 
Dec. 15, 1929 
Key No. Wis.-48 



964 


Journal of Agricultural Research 


Vol. 39, No. 12 


*icc until it was fed. Since the juice was not kept under anaerobic 
couditiofik, it is probable that, even if present at the beginning of the 
feeding period, vitamin C would have disappeared from the juice in 
the course of the experiment. 

In view of the lack of experimental evidence available, it seemed 
desirable to make a study of the vitamin-C content of sauerkraut. 

EXPERIMENTAL WORK 

Two rations were used in this work. The first is a modification 
of that employed by Cohen and Mendel (1) and also by Parsons and 
Reynolds (6). The ration as given below has been used in this labora- 
tory for the past three years and is called the soybean scurvy ration. 
Its composition is as follows: Soybean Hour, 1,620 gm.; dried yeast, 
120 gm.; purified casein, 105 gm.; calcium carbonate, 60 gm.; filter 
paper, 40 gm.; butterfat, 100 gm. The soybean flour was a commer- 
cial product the preparation of which involves heating. The yeast 
also was a commercial product and was a reliable source of the vita- 
fhiri-B complex. The casein was purified by soaking for a week in 
Water slightly acidified with glacial acetic acid (about 5 c. c. per 6 
quarts of tap water). This water was changed every day. The filter 
paper was cut into small pieces and beaten in distilled water until a 
fine pulp was obtained. This was poured upon the mixed dry ingre- 
dients and the mass was rubbed until evenly mixed. When dry, it 
was ground and mixed thoroughly with melted butterfat. 

The second ration is that used by Ellis, Steen bock, and Hart (8). 
It is called the alfalfa scurvy ration and contains the following: 
Alfalfa (autoclaved 30 minutes at 15 pounds pressure), 25 per cent ; 
rolled oats, 69 per cent; purified casein, 5 per cent. 

Animals that were used as positive or negative controls were given 
the above rations with the addition of 60 gm. of sodium chloride to 
the soybean ration and 1 per cent sodium chloride to the alfalfa 
ration. Animals fed sauerkraut or sauerkraut juice received their 
sodium chloride from these materials. 

In the early part of the work both rations were used, but since the 
two rations were found to be quite similar from the standpoint of 
production of scurvy, only the alfalfa ration was used in the later 
experiments. 

The protection of guinea pigs from scurvy was the method used 
in the investigation. After the preliminary feeding period described 
below, cabbage was removed from the diet and sauerkraut only was 
fed with the basal ration for a period of 60 to 75 days or until the 
animal died. The onset of scurvy symptoms, swollen wrists or a 
“jerky run,” was noted and autopsy performed at the end of the ex- 
periment or after death. 

On autopsy, the following signs of scurvy were looked for: Hem- 
orrhages and swelling of the wrists or elbows of the fore legs and also 
below the hip joint of the hind legs; hemorrhages or bleeding at the 
costochondral juncture of the ribs, loose teeth, and any possible 
hemorrhages in the abdominal organs or in the peritoneum. The 
condition of the residue in the intestinal tract was also noted. 

The weight of the guinea pigs when the cabbage was removed from 
the diet and sauerkraut feeding was begun varied from 211 to 276 gm., 
the average being about 240 gm. Young guinea pigs when received in 
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the laboratory or when taken from the mother were placed on the 
scurvy ration plus cabbage and allowed to eat ad libitum. # With the 
first group of guinea pigs there was no preliminary feeding of sauer- 
kraut before the experiment was begun, and difficulty was experienced 
in getting some of the animals to eat their portions. With all the 
other groups the following procedure was used: On the first day the 
basal ration plus cabbage only was fed ; on the second day the cabbage 
was ground in a food chopper, a small amount (5 to 10 gm.) of sauer- 
kraut was added to the cabbage, and the mixture was put into the 
basal ration. The sauerkraut was increased each day, but at no time 
was the amount of cabbage in the mixture less than 5 gm. per guinea 
pig in the group. In this way the guinea pigs gradually became ac- 
customed to the taste of the sauerkraut, and as a general rule there 
was no trouble in getting them to eat it. When the experiment was 
begun each animal was placed in a separate cage, and the dose of fresh 
sauerkraut was mixed with the ration. The fresh sauerkraut juice 
was given to the animals by means of a medicine dripper. 

The sauerkraut used in this experiment was made from All Seasons 
variety of cabbage, cut during the first week in November, 1927, and 
stored outside in a cool place for a week before it was made into 
sauerkraut. Three hundred pounds of shredded cabbage were mixed 
with 7)i pounds of salt and packed into 45-gallon barrels. A loose- 
lit ting cover held down by a heavy weight was placed on top of the 
cabbage. These barrels of cabbage were allowed to ferment for 90 
days at a temperature which ranged from 60° to 65° F. After this 
time the barrels were opened and the top sauerkraut, to the depth of 
1 foot, was discarded. The sauerkraut was of good quality and pos- 
sessed an acidity of 1.7 per cent calculated as lactic acid. Each day 
fresh samples were removed from points well below the surface, thus 
reducing or eliminating the factor of oxidation. The sauerkraut was 
ground in a food chopper and fed to the animals within as short a time 
as possible. The sauerkraut juice was obtained by putting the sauer- 
kraut in a line-meshed canvas bag and squeezing out the juice. 

The study was made on three levels: Group 1 on 10 gm. of sauer- 
kraut or sauerkraut juice daily; Group 2 on 5 gm. of sauerkraut daily; 
arid Group 3 on 2.5 gm. of sauerkraut daily. 

In the first group, three guinea pigs that failed to eat their portions 
were given partly neutralized sauerkraut in order to stimulate con- 
sumption. After the acidity of the sauerkraut had been determined, 
each day’s sample was half neutralized with N/l NaOH immediately 
before feeding. These animals (Nos. 4, 5, and 15) seemed to eat the 
partly neutralized sauerkraut better than the unneutralized. They 
were fed this type of sauerkraut throughout the 60 days of the experi- 
ment. 

DISCUSSION OF RESULTS 

HIGH LEVEL OF SAUERKRAUT AND SAUERKRAUT JUICE (10 gm.) 

The first group of guinea pigs were fed 10 gm. daily of sauerkraut 
or sauerkraut juice. Inasmuch as Ellis, Steenbock, and Hart (#) 
reported no antiscorbutic value at 2.5 and 5 gm. levels, it seemed 
advisable to begin with the higher level in order to insure the detec- 
tion of any vitarrifi C if it were present. 

The individual weight curves (figs. 1 apd 2) show that a 10-gm. level 
of this sauerkraut or the juice therefrom gave good growth and 
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complete protection from scurvy. The daily gain in weight of the 
7 animals which received juice ranged from 2.26 to 5.33 gm. and 
averaged 3.83 gm. The figures for the 8 animals fed sauerkraut 



Figure 1. — Growth curves showing the antiscorbutic effect of 10 gm. of fresh sauerkraut juice 
daily when added to two scurvy rations fed to guinea pigs; autopsies at the end of 7f> days dis- 
closed no evidences of scurvy in any of the animals 


ranged from 2.22 to 4.85 gm. and averaged 3.53 gm. The 2 animals 
which received 5 gm. of raw cabbage daily (fig. 4) made daily gains of 
4.06 and 4.90 gm., respectively, and averaged 4.48 gm. Of the 15 ani- 
mals fed sauerkraut or its juice at this level 6 grew faster than 1 of the 
animals (No. 11) that received 5 gm. of cabbage, and 3 made greater 



Figure 2. — Growth curves showing the antiscorbutic effect of 10 gm. of fresh sauerkraut daily 
when added to two scurvy rations fed to guinea pigs; autopsies at the end of 60 days disclosed no 
evidences of scurvy in any of the animals 


daily S a i ns than either of the positive controls. Because of the 
limited number of animals used as cabbage controls, too much 
emphasis should not be placed on the comparison, but it appears that 
10 gm. of sauerkraut or sauerkraut juice contain’ about the same 
amount of vitamin C as 5 gm. of raw stored cabbage. 
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MEDIUM AND LOW LEVELS OF SAUERKRAUT (5 and 2.5 gm.) 

When, after six to seven weeks, it was evident that the 10-gm. levels 
of sauerkraut and sauerkraut juice were each giving protection from 
scurvy and allowing good growth, feedings at 5 and 2.5 gm. levels 



Figure 3.— Growth curves showing the antiscorbutic effect of 5 and 2.5 gm. of fresh sauerkraut 
daily when added to the alfalfa scurvy ration fed to guinea pigs. Autopsies j>erforrned at the 
end of GO days on t he animals fed at the 5-grn. level disclosed no evidences of scurvy in any case. 
An autopsy on animal No. 22 at the end of 75 days showed brittle leg bones; that on No. 48 at 
t he end of 55 days, some swelling and muscular hemorrhage; that on No. 49, a slight swelling on 
one leg. These last three animals received but 2.5 gin. of fresh sauerkraut daily 


were begun. Although growth on a 5-gm. level was not so consist- 
ently good as on the 10-gin. level, there was no evidence of scurvy. 
The daily gain in weight of the four guinea pigs receiving 5 gm. of 
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Figure 4.— Growth curves showing the antiscorbutic effect of 5 and 2.5 gin. of stored raw cabbage 
daily when added to two scurvy rations fed to guinea pigs 
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sauerkraut ranged from 2.33 to 4.97 gm. and averaged 3.30 gm. 
(Fig. 3.) This average gain is slightly lower than that for the animals 
on 10 gm. of juice or sauerkraut, but tw^o of the guinea pigs, Nos. 23 
and 24, have weight curves w r hich are similar to many of the weight 
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curves of animals receiving 10 gm. of sauerkraut. It seems evident 
that a 5-gm. level of this sauerkraut was well within the protection 
level and also allowed good growth. 

The growth on the 5-gm. level of sauerkraut was better than that 
obtained from one-half this quantity of cabbage. The gain per day 
on 2.5 gm. of cabbage (Fig. 4) was 2.92 gm. as compared with 3.30 on 
5 gm. of sauerkraut. As already pointed out in the comparison of the 
higher levels of sauerkraut and of cabbage, the quantity of vitamin C 
in the sauerkraut was approximately equal to one-half of that con- 
tained in the cabbage. 

Six animals were started on a 2. 5-gm. level of sauerkraut, but only 
three of them lived through the experimental period. Three guinea 
pigs grew fairly well for 16 to 36 days, but at the end of this time there 
was a sudden drop in weight which was accompanied by a refusal to 
eat. The autopsy showed abnormal intestinal conditions. Guinea 
pig No. 22 was chloroformed at the end of 75 days instead of the 
usual 60 because of the several periods of loss and gain in weight of 
this animal. Although there were numerous fluctuations in the 
weight curve, it is evident that from the twentieth to the seventy- 
fifth day the animal was merely maintaining its weight. On autopsy, 
the leg bones were found to be very brittle and were easily fractured. 
Although there were no signs of hemorrhage, the brittle leg bones may 
have been due to a latent condition of scurvy. 

Guinea pigs Nos. 48 and 49, also receiving 2.5 gm. of sauerkraut 
but started a month later than any of the other animals, were chloro- 
formed at the end of 55 days because the sauerkraut was so nearly 
gone that satisfactory samples below the surface could not be obtained. 
Again, the weight curves (fig. 3) seem to indicate that 2.5 gm. of 
sauerkraut are needed for a maintenance level. Autopsy showed that 
with both animals there was slight evidence of scurvy. 

Eddy et al. (2) consider 1 gm. of raw cabbage as the minimum 
protective dose. Unpublished data from this laboratory obtained by 
DeVilbiss showed that 1 gm. of raw cabbage added daily to Sherman’s 
(8) basal diet would support life for 90 days, but the autopsy revealed 
brittle bones and teeth. In the present sauerkraut study 2.5 gm. of 
raw cabbage was the lowest level used. This level gave good growth 
for 44 to 58 days, and after that time the weight curve flattened off. 
(Fig. 4.) If 1 gm. of raw cabbage is considered to be the minimum 
protective level, with perhaps slight signs of scurvy, and 2.5 gm. of 
fresh sauerkraut the minimum level although not completely pro- 
tective, it appears that approximately one-half of the vitamin-C 
content of cabbage may be destroyed in the process of making 
sauerkraut. 

The experiments of Ellis, Hart, and Steenbock ( 3 ) showed a much 
greater destruction of vitamin C than is indicated in the present 
studies. These authors, however, used bulk sauerkraut obtained 
from a grocery store. It is probable that much of the vitamin-C con- 
tent was lost after the sauerkraut was taken from the fermentation 
vat and repacked. As it frequently takes several weeks for a grocer 
to market a barrel of sauerkraut, it is not improbable that the vitamin- 
O content of the sauerkraut was lost by exposure to the air during 
the period of retailing. 

That oxidation and not fermentation is the important factor in 
the destruction of vitamin C was shown later in the same laboratory 
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by Lepkovsky, Hart, Hastings, and Frazier (5). Sterile orange juice 
and tomato juice kept in test tubes plugged with cotton showed 
marked deterioration in 7 and 24 days, respectively. If air was 
excluded by means of vaseline plugs the juices retained their potency. 
Likewise, if the tomato juice was sealed with vaseline plugs and fer- 
mented with bacteria, some of which are characteristic of sauer- 
kraut, the juice was still effective in the cure of scurvy. An earlier 
paper by Zilva (10) showed that the sugars present in lemon juice 
could be removed by yeast without appreciably altering the vita- 
min-C content of the juice. 

It is not improbable that the strictly fermentation processes which 
take place in the formation of sauerkraut tend to prevent the destruc- 
tion of vitamin C. In a recent paper Pruess, Peterson, and Fred (7) 
report that the gases formed in the fermentation are nearly 100 
per cent carbon dioxide. The oxygen incorporated in the shredded 
cabbage at the time it is placed in the vat is probably speedily con- 
sumed by the respiration of the plant cells or removed from the mass 
by the carbon dioxide formed by the plant cells and bacteria. How- 
ever, a trace of oxygen seems to persist in the sauerkraut throughout 
the fermentation and the partial destruction of vitamin C is probably 
due to this rather than to the specific action of the microorganisms. 

The authors wish to point out specifically that the presence of 
vitamin O in the sauerkraut used in the present study does not 
warrant the assumption that sauerkraut as it reaches the consumer 
contains vitamin C. Indeed, the experiments of Ellis, Hart, and 
Steenbock ( 8 ) show that in some instances it does not. Whether or 
not canned sauerkraut or commercial sauerkraut juice contains 
vitamin C can be decided only by carefully controlled experiments 
that deal directly with these products. 

PRESENCE OF VITAMIN C DEMONSTRATED BY RECOVERY TYPE OF EXPERIMENT 

Two guinea pigs in the “negative” group, Nos. 32 and 67, were 
given 5 c. c. of sauerkraut juice at the onset of definite scurvy symp- 
toms. (Fig. 5.) The juice was fed for 16 days and autopsies were 
performed on the animals on the seventeenth day. The autopsies 
indicated in both cases that the animals were practically cured of 
scurvy. Although the protection method was used primarily in this 
study, the above-mentioned data on the recovery of two of the 
“negative controls” strengthen the conclusion that an appreciable 
quantity of vitamin C was present in this sauerkraut juice. 

SUMMARY 

This study shows the vitamin C content of fresh raw sauerkraut 
and sauerkraut juice, i. e., material which was fed immediately after 
being taken from the barrel in which it was fermented. The sauer- 
kraut was fed at levels of 10, 5, and 2.5 gm. daily for each guinea pig 
for approximately 60 days, and sauerkraut juice was fed at a level of 
10 gm. for 75 days. Positive control animals were fed at 5 and 2.5 
gm. levels of raw stored cabbage. 

The 10-gm. level of either fresh sauerkraut or fresh juice protected 
from scurvy and allowed good and in some cases excellent growth. 
The growth curves are comparable to those of guinea pigs receiving 
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5 gm. of« raw stored cabbage. The 5-gm. dosage of fresh sauerkraut 
was well within the protection level and also allowed good growth. 
The 2.5 gm. level of fresh sauerkraut was probably not quite enough 
to protect from scurvy, although a maintenance of weight was ob- 
tained. The 2.5 gm. level of raw stored cabbage allowed good 
growth for 44 to 58 days, and after that time the weight curve 




Figure 5.— Growth curves of guinea pigs receiving only the basal scurvy-producing rations. 
Definite symptoms of scurvy were present at points marked “S”; -f- indicates death and Chi. 
indicates that the animal was chloroformed. A, These animals were on the alfalfa scurvy 
ration. Nos. 32 and fi7 were given a recovery dosage of 5 c. c. of fresh sauerkraut juice daily; 
autopsy at the end of a recovery period of 16 days disclosed that recovery was complete. Animal 
No. 14 was a “ negative control ” receiving no addition to the basal diet and showed, on autopsy, 
characteristic evidences of scurvy. B, These animals were on the soybean scurvy ration and, 
at autopsy, showed the characteristic evidences of scurvy 


“flattened off, ” although there was no evidence of scurvy. A loss of 
vitamin C in the formation of sauerkraut is thus definitely demon- 
strated. This loss is approximately one-half of the vitamin-C content 
of cabbage. 

Guinea pigs which had developed definite symptoms of scurvy 
recovered when fed 5 c. c. of fresh sauerkraut juice daily. 

No conclusions as to the probable vitamin-C content of commercial 
sauerkraut are warranted by these experiments. 
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W.: A Botanical and Chemical Study 
of Bikukulla eximia, with a Key to 
North American Species of Bikukulla. 477-481 
W. H.; Lush, J. L.; and Semple, A. T.: 

The Use of Dressed-Beef Appraisals in 
Measuring the Market Desirability of „ A 

Beef Cattle - 147-162 

Bleedingheart, fringed. See Bikukulla 
eximia. 

Blight, Fire, of Apple, in Wisconsin, 

Studies. P. W. M filer 579-621 

Blossom blight, of apple, relation to fire* 

blight infection 589-608,614,617.618-619 

Bordeaux mixture, use in control of apple 

fire blight, experiments 613-614, 619 

Botrytis cinerea, inoculation of citrus fruits, 

experiments.... 164, 186-190, 103-197 

Bowman, John J., and Fulton, Harry R.: 
Infection of Fruit of Citrus by Pseudo- 
monas citri 403-496 
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Braudes, E. W.; Starrett, Hath Colvin; 
and Artscliwager, Ernst: Development 
of Flower and Seed of Some Varieties of 

Sugarcane 1-30 

Breeding- 

corn— 

correlation studies of inbred and cross- 
bred strains G77-721 

for protein and oil content, experi- 
ments 451-475 

oats, transgressive segregation for smut 

susceptibility 953-962 

Set also Crossbreeding. 

Brown, Nellie A. — 

The Tendency of the Crown-Gall Organ- 
ism to Produce Hoots in Conjunction 

with Tumors . 747-766 

and Quirk, Agnes J.: Influence of Bacte- 
riophage on Bacterium turnefaciens, and 

Some Potential Studies of Filtrates 503-530 

Buckwheat, germination, effects of various 

fumigants 926-927 

B urr knots— 

formation in hardwoods 81-82 

on apple trees, nature, study 257,258-259,261 

By-products— 

corn. See Corn-milling products, 
meat. See Meat by-products. 

Callus, plant, definition . 82 

Callusing and Hooting in Apple and Wil- 
low, A Physiological Study. Charles F. 

Swingle. - 81M28 

Calves, wart-inoculation studies 725-737 

Canary Islands, mosaics, hosts and experi- 
mental studies 557-568,575-577 

Cane, sugar. See Sugarcane. 

Canker, citrus. See Citrus canker. 

See also Pseudomonas citri. 

Cans, tin- 

corrosion by various forms of sulphur 32-39 

swelling from sulphur-spray residue on 

I>eaches 31-40 

Cantaloupe rot- 

causal organism, culture studios 44-59 

symptoms and epidemics 42-44 

Carbohydrate reserves, in alfalfa roots, pro- 
tection against cold 272-274 

Carbohydrates, effect on nitrogen fixation 

by nodule bacteria .... 90s, 912-913 

Carbon bisulphide, effectiveness in control 

of cotton root rot, experiments 200, 201 

Carcass-appraisal method, in beef market- 
ing- 

accuracy 148-152 

defects/. 155 

Carrot extract, medium for legume-nodule 

bacteria iu nitrogen fixation 903-904,906-909 

Cassava, host of mosaic in West Africa 569,570 

Castor-bean plant, inoculation with Bac- 
terium turnefaciens, results. 506-529, 758, 760 

C astor oil plant. See Castor-bean plant; 

Ricinus communis. 

Cattle — 

Beef- 

Market Desirability, Measuring by 
Use of Dressed-Beef Appraisals. Jay 
L. Lush, W. H. Black, and A. T. 

Semple - 147-162 

weights, determination by carcass-ap- 
praisal method 149-152 

inoculation with wart material, methods 

and results 725-737 

Warts, Common, Etiology, Experimen- 
tal Studies. G. T. Creech 723-737 

Cereals, stomatal behavior, relation to rust 

resistance 946 

Chick, Rhode Island Red, Down- Color 
Variations, Inheritance and Relation to 
Color Variations in Adult Plumage. 

D. C. Warren 781-794 

Chickens— 

plumage color, relation to down color of 

chicks 787-794 

Rhode Island Red- 

color standard and color variations 786-787 

eye color, variations, and correlations 

with plumage color 792-793 

sex. relation to plumage color 783, 785, 787, 793 


Chicks, down color — Page * 

inheritance, study 733-786,793-794 

relation to adult color variations 787-793 

Chicory — 

and Girasole Grown in Minnesota, 

Chemical Composition. Hamilton P. 

Traub, Clifford J. Thor, Lawrence 

Zeleny, and J. J. Willaman._ 551-555 

chemical composition, study 554-555 

Chlorosis — 
in corn— 

description 873-875 

development effect of lime and mag- 
nesium 879-886 

effect of fertilizers 883-884 

effect on mineral constituents of plant. 887-889 

effect on yield 884-886 

factors affecting development 875-878 

Magnesium Deficiency as Cause. 

J. P. Jones 873-892 

similarity to sand drown of tobacco... 881-883, 

891 

in plants— 

cause, study with corn 873-891 

types 873 

Chrysanthemum, hairy roots, cause . 761 

Cichorium intybus. See Chicory. 

Citric acid, in peaches, cause of swelling of 

cans 33-37,38-39 

Citrus - 
canker — 

development, factors affecting 403-411, 

413—119, 425 

«. infection study 403-426 

See also Pseudomonas citri. 

Fruit- 

Infection by Pseudomonas citri. Harry 

it. Fulton and John J. Bowman 403-426 

inoculation in moist chambers with 

Pseudomonas citri 420-425 

inoculation in orchards with Pseudomo- 
nas citri 420 

oil elands, puncturing, effect on inocula- 
tion results 403-404 

size, relation to development of canker. 415-419, 

425 

Fruits— 

Decay Produced by Inoculations with 
Known Mixtures of Fungi at Differ- 
ent Constant Temperatures, Study. 

Giuiio Savastano and Howard S. 

Fawcett 163-198 

decay rates in inoculation o.\{>erinientS- 165-197 

discoloration from decay, study 171-172, 

174-175, 180, 184, 187, 192, 196, 197 

varietal susceptibility to canker.. 418-419 

water loss, effect on rate of decay 167-168 

resistant* to cotton root -rot fungus. 645, 669 

susceptibility to canker, discussion 410-411 

Clothing, cotton, laundering studies 539-548 

Clover — 

germination, effects of various fumigant s. 926-927 
nodule bacteria, growth and nitrogen fix- 
ation, experi meats 901-902, 

904-908, 910-912, 915-920 

red — 

growth and development, effects of 

moisture 234-241,243-247 

Seed Setting, Influence of Atmospheric 
and Soil Moisture upon. E. A. Hol- 

lowell 229-247 

Clow, Bertha; Marlatt, Abby L.; Peterson, 

W. 1L; and Martin, E. A.: The Vitamin- 
C Content of Fresh Sauerkraut and 

Sauerkraut Juice 963-971 

Cod-liver oil- 

effect on ophthalmia and growth in vita- 

rain- A -deficient rats, experiments 769-770 

vitamin-D content, comparison with 

honey ..... 364-365 

Color, of apples, relation to quality 636- 637 

Colorado, flea-beetle injury of potatoes, 

study - 807-814 

Core breakdown, in Bartlett pears, factors 

affecting - 487-498 

Corn- 

characters— 

correlation studies with inbred and 

crossbred strains - 677-721 

selected, variability, relation to mean.. 459-475 
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chlorosis — . 

effect on yield . . . . 884-886 

Magnesium Deficiency as Cause. J. P. 

Jones 873-892 

chlorotic, description 873-875 

corn posit ion- 

changes in silo, and in digestive system 

of cow 225-226 

Mean and Variability ns Affected by 
Continuous Selection. Floyd L. 

Winter..- 451-476 

endosperm, source of vitamin A__ 767, 774, 777, 778 
germination, effects of various fumigants- 926-927 

host of cott on root rot 645, 651, 652, 673 

inbred lines — 

correlation of characters 690-706 

prepotency stud y 706-71 7 

kernel, source of vitamin A 774, 776-778 

losses in manure by dairy cows 223-226 

Milling Products, Vitamin- A Distribu- 
tion. Clara Roeke Moyer and Ross- 

leene Arnold Heller. 767-780 

oil — 

content, relation to germless seeds.. 458-459, 475 
crude, effect on ophthalmia in rats, 

experiments. 772,771-775 

refined, vitamin- A content 775 

parent -progeny relations in crosses be- 
tween inbred lines 701-706,718-721 

plant — 

erectness, inheritance in crosses 711,720 

height, inheritance in crosses 714-715, 720 

mineral constituents, effect of chlorosis. 887-889 
protein and oil content, relative vari- 
ability 465-469 

Selection- 

Continuous, Effect on Mean and Vari- 
ability of Composition. Floyd L. 

Winter 451-176 


for protein and oil content, exjieii- 

ments 451-175 

silage — 

and shelled, assimilation by dairy cows. 225-226 

consumption by dairy cows 225 

Feeding to Dairy Cows, Grain Losses. 

R. B. Becker and Willis D. Gallup. 223-227 
turkey. See Bikukulla eximia. 

variant characters, distribution 470-472 

wet-milling process, description 768-769 

whole yellow, effect on ophthalmia and 
growth of vitamin- A-dencient rats. 775-776, 778 
yellow - 

milling products, recovery 767 

pigmentation, relation to vitamin-A 

content 776-777,778 

yield — 

correlation with other characters in in- 

bred and crossbred strains 677, 

686-688, 698-710, 7IH-721 

effect of phosphorus and potash ... 878-879 

See also Maize. 

Corrosion, of tin cans - 

electrochemical nature, study 35-36 

relation to polarity of iron and tin 38-39 

Corticum vagum, on potatoes, relation to 

flea- beetle injury 81 1-814 

Cotton- 

Fabrics, Artificial Moiling Preparatory to 
Laundering Studies. A. Elizabeth 

Hill 539-550 

plants, inoculation with root-rot fungus, 

experiments 218-220 

root rot — 

control by barrier methods 647-650 

control by clean fallowing. 651-652 

control experiments in Arizona 047-652, 673 

dissemination, observations 070-673 

fungus, conidial mats, growth and de- 
velopment 211-215, 221 

fungus, depth of activity 645-647 

fungus, growth on dead roots 216, 221 

fungus, host relationships..: 643-647 

fungus, selective feeding on different 

plant species 644-645 

in Arizona, Further Studies, with a 
Description of a Sclerotium stage of 
the Fungus. C. J. King and H. F. 

Loomis 641-676 

infection, variation with soil and cli- 
mate 210 


Cotton— Continued. Page 

root rot — continued. 

Investigations in Arizona. C. J. King 

and H. F. Loomis 199-221 

resistance to drought 212 

spread through soil 207-208,211-215,220 

See also Phymatotrichum omnivorum. 
wilt, effect on development of cantaloupe 

rot. 48-49,51-59 

Cowpeas, germination, effects of various 

fumigants 926-927 

Cows, Dairy, Feeding Corn Silage, Grain 
Losses. R.B.Beeker and Willis D.Gallup. 223-227 
Crab-apple seedlings, inoculation with 

Bacteria m tumefaciens 430 432 

Craigie, J. 11., and Weston, William 1L, 
jr.: Observations on Tassels of Teosinte 

Malformed by Selerospora 817-836 

Creech, G. T.: Experimental Studies of the 

Etiology of Common Warts in Cattle 723-737 

Cresylic acid, effectiveness in control of cot- 
ton root rot, experiments 200, 201, 220 

Cross-pollination, in red clover, experi- 
mental method 232 

Crossbreeding — 

corn, effect on correlation of characters.. 677-690, 
See also Breeding. 718-721 

Crown Gall — 

Aerial, of Apple — 

E. A. Siegler and R. B. Piper 249-202 

causal organism 249, 250, 257, 261 

pathogenicity tests 250-261 

Organism, Tendency to Produce Roots 
in Conjunction with Tumors. Nellie 

A. Brown . . 747-766 

peach strains, inoculation on apple . . 250-253, 261 

root and tumor formation, study. 747-705 

Woolly-Knot Type— 

E. A. Siegler . . 427-450 

of apple, cause, study 430-445, 449 

See also Bacterium tumefaciens . 

Crystals, Starchlike Radiate, Produced by 
Bacterium marginatum m Starch Media. 

Lucia M cCuIloch 495-50 1 

Cucurbits, hosts of mosaic in West Africa 570-571 
Culm length, in wheat, inheritance in cross 
between Federation and Sevier X 1 Bek- 

low hybrid 308-309, 377-378, 3 K 5 - 3 KS, 391-392 

Culpepper, C. W., and Moon, II. II.: Sul- 
phur-Spray Residues and the Swelling of 


Tin Cans Packed with Peaches... 31-10 

Cuttings, rooting and callusing, environ- 
mental conditions S2-S3 


Dairy cows. See Cows, dairy. 

Daisy, inoculation with Bacterium tame- 

facials, results.. 750, 752-754, 750, 757, 760 

Date — 

mineral content, comparison with jujulte. 951 

palm, host of cotton root-rot fungus 043-044, 

645, 653, 672 

Decay, Citrus Fruits, Produced by Inocula- 
tions with Known Mixtures of Fungi at 
Different Constant Temperatures, Study. 

Giulio Savastanoand Howards. Fawcett. 163-198 
IMplodia natalensis, inoculation in citrus 

fruits, experiments 191-195, 196 

Dirt, removal from cotton fabrics, experi- 
ments - - 542-548 

Disinfection, soil, effectiveness in control of 

cotton root rot 199-201, 220 

Doran, William L.: Effects of Soil Temper- 
ature and Reaction on Growth of Tobacco 
I nfected and U ninfected with Black Root 

Rot - - - 853-872 

Down-Color Variations. Inheritance in 
Rhode Island Red Chicks, and Relation 
to Color Variations in Adult Plumage. 

D. C. W arren 781-794 

Drechsler, Charles: Occurrence of the Zo* 
nate-Eyespot Fungus Helminthosporium 
giganteum on Some Additional Grasses.. 129-135 
Dressed-Beef Appraisals, Use in Measuring 
Market Desirability of Beef Cattle. Jay 
L. Lush, W. H. Black, and A. T. Semple. 147-162 
Drought hardiness of — i0 _ 

tree seedlings, means of securing 137 

western yellow nine, regulation by meth- 

od of fertilization 13i-145 

Dry farming, potatoes, spread of virus ^ ^ 
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Ear— Page 

moldiness, iu corn, inheritance in crosses 

between inbred lines 715, 720 

shape index, in corn, inheritance iu crosses 

between inbred lines 716-717, 720 

Egg albumen, effect on nitrogen fixation by 

nodule bacteria 912 

Eggleston, VV. W.; Black, O. F.; and Kelly, 

J. W.: A Botanical and Chemical Study 
of Bikukulla eximia, with a Key to North 

American Species of Bikukulla 477-481 

Eggplant, hosts of mosaic in Canary Islands 

and West Africa 569,571 

E miner, stomatal behavior, relation to 

stem-rust resistance. 932, 

933, 935, 936, 939, 945. 946-947 
Environment, effect on development of 

black root rot of tobacco 853-871 

Epitrii emu merit, injury to potato tubers, 

study 807-814 

Eragrostis carotiniana, host of Jlelmintho - 

sporium giganleum 132 

Ethylene oxide, effect on germination of 

seeds 925-927 

Euchlaena spp. See Teosinte. 

Eyespot, Zonate, Fungus, Ilelminthospori- 
um giganleum, Occurrence on Some Addi- 
tional Grasses: Charles Drechsler 129-135 

Fabrics, Cotton, Artificial Soiling Prepara- 
tory to Laundering Studies, A. Eliza- 
beth Hill .. . 539-550 

Fallows, clean, experiments in control of 
cotton root rot ... _ . .. .. 651-652; 673 


Fawcett., Howard S., and Savastano, 

Giulio- A Study of Decay in Citrus Fruits 
Produced by Inoculations with Known 
Mixtures of Fungi at Different. Constant 

Temperatures . _ . 163-198 

Feeding, Corn Silage to Dairy Cows, Grain 
Losses. K. B. Becker and Willis D. Gal- 
lup. 223-227 

Feeds, assimilation by dairy cows, experi- 
ments 223-226 

Fermentation, Sauerkraut, Temperature, 

Relation to Quality. K. A. Marten, W. 

H. Peterson, E. H. Fred, ami W. E. 

Vaughn . . 285-292 

Fertilization - 

method, effect on root systems of western 

yellow pine . 137-115 

red clover, effects of atmospheric humid- 
ity 229-234, 244 -247 

Fertilizers, effect on development of chlo- 
rosis - 

in corn 883 *88 1, 885-886, 889-891 

in plants _ _ . . ... 875-876 

Festuca hookeriana, host of Helminth os pori- 

urn giganleum . 132-133,135 

Fig, host of cotton root rot, e\'i>criments.. 646-647 
Fire Blight, of Apple — 

in Wisconsin, Studies. P. W. Miller 5714-621 

See also Apple fire blight. 

Flea-Beetle Injury of Potato 'rubers, A 
Pathological Feature of. H. G. MucMil- 

lau and L. A. Sehaal 807-815 

Flower — 

and Seed, Development in Sugarcane. 

Ernst Artschwager, E. W. Brandos, and 

Ruth Colvin Starred.. 1-30 

sugarcane- - 

authesis and pollination 20 

structure and development 9-12 

Flowering, study in sugarcane varieties — 3-21 

Flowers, red clover, production and devel- 
opment, effects of soil moisture. 236-241 


Foliage injury, relation to composition of 
acid lead arsenate, experimental study . .. 393-400 
Formaldehyde- 

effectiveness in control of cotton root rot, 

experiments 199,201,220 

soil disinfectant, effect on growth of 

tobacco . ... 866-87 1 

Fred, E. B.; Vaughn, W. K.; Marten, E. A.: 
and Peterson, W. H.: Relation of Tem- 
perature of Fermentation to Quality of 

Sauerkraut.-.. - 285-292 

Freezing point of alfalfa, determination 264-288, 

277-280, 281-282 
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Fructose, content of— , 

chicory roots.. . 554,555 

girasole plant 552-553, 555 

Fruits, citrus. See Citrus fruit ; citrus fruits. 

Fulton, Harry R. f and Bowman, John J.: 

Infection of Fruit of Citrus by Pseu- 
domonas citri . 403-426 

Fumigants, Various, Effect on Germination 

of Seeds. H. D. Young 925-927 

Fungi— 

dissociation, significance 305 

Inoculations— 

in Known Mixtures at Different 
Temperatures, Cause of Decay in 
Citrus Fruits, Study. Giulio Savas- 
tano and Howard S. Fawcett 163-198 

of citrus fruits, temperature relations... 178-179, 
180-184, 18.5-186, 187-195 

mutation factors, discussion 293,305 

soil-inhabiting, metabolic interchange. . . 41-59 

taxonomy, criterion, discussion 304-305 

Fusarium — 

oxysporum var. medicaginis, Additional 

Hosts. J. L. Wei mer . 351-353 

vasin fecturn — 

culture studies 48-49, 51-59 

metabolic interchange with Sclerotium 
rolfsii . 51-57,59 


Galls— 

aerial. See Crown gall, aerial, 
crown. Sec Crown gall. 

*. woolly aphid, of apple, comparison 

with crown gall... . . - 253,259 

Gallup. Willis D., and Becker, R. B.: 

Grain Losses in Feeding Corn Silage to 

Dairy Cows ... 223*227 

( Jama grass, suscept ihility to zonate eyespot _ 1 35 

Garber, R. J.; G hidings, N\ J.; and Hoover, 

M. M.: Transgressive Segregation for 
Susceptibility to Smut in an Oat Cross. . 953-962 
(Jeer, Herbert L., and Leonian, Leon 11.: 
Comparative Value of the Size of Phy- 
tophthora Sporangia Obtained under 

Standard Conditions 293-311 

Geranium, inoculation with Bacterium 

tume/aciens, results. „ . 749. 758, 761, 765 

Gerhardt, Fisk: Propagation and Food 
Translocation in the Common Milkweed 837-851 
Germination, Seeds, Effect of Various 

Fumigants: II. D. Young 925-927 

Gibraltar, mosaic on Nicotiann glauca, de- 
scription.. ^ . 575 

Giddings, N. J.; Hoover, M. M.; and 
Garber, R. J.: Transgressive Segregation 
for Suscept ibility to Smut in an Oat Cross. 953-962 
Girasole — 

and Chicory Grown in Minnesota, 
Chemical Composition. Hamilton P. 

Traub, Clifford J. Thor, Lawrence 

Zeleny, and J. J. Willainan 551-555 

plant, chemical composition of parts. 552-553, 555 
Glume color, iu w heat, inheritance in cross 
between Federation and Sevier X Dick low' 

hybrid . . 368-370,391 

Gluten, corn, effect on ophthalmia and 
growth in vitamin-A-deflcient rats. . 772-774,778 
Goss, R. W.: The Rate of Spread of Potato 

Virus Diseases in Western Nebraska 63-74 

Grading-chart, method, in beef marketing, 
comparison with carcass-appraisal 

method 153-155 

Grain - 

germination, effects of various fumigants. 925-927 
Losses in Feeding Corn Silage to Dairy 
Cows. R. TL Becker and Willis D. 

Gallup 223-227 

Grains, stomatal behavior, relation to rust 

resistance — 946 

Gramineae, tassels, malformation by 

Sclerospora, study in teosinte 817-833 

Grapefruit, infection with Pseudomonas 

citri , study 403-406, 412-415, 417 -419, 422-424 

Grass, bent. See Bentgrass. 

Grasses— 

hosts of cotton root-rot fungus. .. 643-644, 645, 653 
inflorescences, malformation by downy 
mildew, study in teosinte 817-833 
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Occurrence v>f Zonate-Eyespot Fungus 
flelminthosporium giganteum on. 

Charles Drechsler 129-135 

Grasshoppers, transmission of spindle tuber 

of potato 71,72,74 

Guinea pigs— 

scurvy, prevention by feeding sauerkraut, 

experiments™ 963-970 

weight records and survwils on honey as 
source of vitamin C 362-361 

Hairy root. See Crown gall. 

Haller, M. H.: Changes in the Pectic Con- 
stituents of Apples in Relation to Sof- 
tening 739-746 

Hardwood cuttings, rooting and callusing, 

physiological study... 81-127 

Harley, C. P.: Relation of Picking Time to 
Acetaldehyde Content and ("ore Break- 
down of Bartlett Pears 483-193 

Hart, Helen: Relation of K tom at a 1 Behav- 
ior to Stem-Rust Resistance in Wheat... 929-948 
Helianlhu s tuber osus. See Girasole. 
IJelminthosporium giganteum— 

cause of zonate eyespot on gmsses 129 

pathological effects on various grasses 130 135 

Zonate Eyespot Fungus, Occurrence on 
Some Additional Grasses. Charles 

Drechsler 129-135 

Heredity. See Inheritance. 

Hetler, Rossleene Arnold, and Meyer, Clara 
Rocke: The Distribution of Vitamin A 

in Some Corn-Milling Products 767-780 

Heywood, D. E., and Stewart, George: 
Correlated Inheritance in a Wheat (Toss 
between Federation and a Hybrid of 

Sevier X Dicklo w 367-392 

Hides, cattle, damage by warts 723 

Hill, A. Elizabeth: Artificial Soiling of 
Cotton Fabrics Preparatory to Launder- 
ing Studies 539-550 

Hoagland, Ralph, and Snider, George (J.: 
Nutritive Value of Proteins in Certain 
Kinds of Sausage and Other Meat Food 

Products 531-537 

Hollowed, E. A.: Influence of Atmospheric 
and Soil Moisture upon Seed Setting in 

Red Clover 229-247 

Honey— 

and Honeycomb, Vitamin Content. 

Hilda Black Kifer and Hazel E. Munsell. 355-366 

antirachitic value, tests 364-365 

antiscorbutic value, tests 362-364 

Honeycomb, vitamin content, study 355-366 

Hoover, M. M.; Garber, R. J .; and Gid- 
dings, N. J.: Transgressive Segregation 
for Susceptibility to Smut in an Oat 

Cross 953-962 

Humidity- 

atmospheric, high, determination 

method 231-232 

variation with temperature in fruit 

decay 166-167 

See also Moisture. 

Hurd-Karrer, Annie M.: Relation of Leaf 
Acidity to Vigor in Wheat Grown at 

Different Temperatures 341-350 

Hydrogen- 

gas, liberation from iron and tin 33, 35 

sulphide, corrosive action on tin cans 34- 35, 


37, 39, 40 

Hydrogen-ion concentration— 
effect on growth of Sclerotium rolfsii _ 44-52, 58-59 
of wheat leaf juice, variation with tem- 
perature 344-347,340 

Impatiens balsamina , inoculation with 

Bacterium tumefaciens , results 749, 

756, 761. 762-763 

Inbreeding, corn, effect on correlation of 

characters 677-690,718-721 

Inflorescence — 

in sugarcane, study 3-21 

of teosinte, malformation of downy mil- 
dew, study 817-833 

Inheritance- 

corn characters, studies with inbred and 
crossbred strains.- 077-721 
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Correlated, in Wheat Cross between 
Federation and Hybrid of SevierX 
Dicklow. George Stewart and D. E. 

Heywood 367-392 

down color in chicks, study 783-786, 793- 794 

smut susceptibility and seed color in 

oats 953-962 

wheat characters, experimental study 367-392 

Inoculation- 
apple — 

blossoms and shoots, with Bacillus 

amglovorus 593,595-603 

trees, with crown gall, experiments. . . 250-257 
trees, with strains of Bacterium tume- 
faciens. 430-440,443,447-449 

citrus fruit, with Pseudomonas citri. 

methods and r&sults 403-426 

cotton plants, with cotton root-rot fungus. 218- 220 
plants, with mosaic virus from Ntcoteana 

glauca 560-568, 575-577 

soybean varieties with Bacterium phaseoli 

sojense , results 796- 797, 800-805 

wheat- 

seedlings, with Puccinia graminis tritici . 941-943 

with loose-smut fungus, methods 320-322 

Inoculations— 

cattle, with wart material, methods and 

results 725-737 

Fungi, in Known Mixtures at Different 
Constant Temj)erat ures. Cause of De- 
cay In Citrus Fruits, Study. Giulio 

Savastano and Howard S. Fawcett 163-198 

Insects — 

poisoning by arsenicais at low solubility. 399-400 
transmission of— 

fire blight 588, 592-595, 612, 618. CIO 

potato virus diseases 67. 71-74 

Iron, polarity with tin, effect of oxygen and 

sulphur 30-3$ 

Irrigation, potatoes, spread of virus dis- 
eases 63, 04-71 

Ixophorus unisetus, host of Uelminlho- 
sporium giganteum 133,135 

Jenkins, Merle T.: Correlation Studies 
with Inbred and Crossbred Strains of 

Maize 677-721 

Jerusalem artichoke. See Girasole. 

Johnson grass, host of cotton root-rot fun- 
gus 643-644, 645, 653 

Jones, J. P.: Deficiency of Magnesium the 

Cause of a Chlorosis in Corn. 873-892 

Jujube, Mineral Content. Marjorie P. 

Benoy 94(M>51 


Karrer, Annie M. Hurd. See Hurd-Karrer. 

Kelly, J. W.; Eggleston, W. W.; and Black, 

O. F.: A Botanical and Chemical Study 
of Bikukulla eximia, with a Key to North 

American Species of Bikukulla 477-481 

Kernel rows, in corn, inheritance in crosses 

between inbred lines 717 

Kifer, Hilda Black, and M unsell, Hazel E.: 
Vitamin Content of Honey and Honey- 
comb 35.5-366 

King, C. J., and Loomis, H. F.— 

Cotton Root-Rot Investigations in Ari- 
zona. 199-221 

Further Studies of Cotton Root Rot in 
Arizona, with a Description of a Sclero- 
tium Stage of the Fungus — 641-676 


Laundering Studies, Artificial Soiling of 
Cotton Fabrics Preparatory to. A. 

Elizabeth Hill 

Lead Arsenate- 
Acid— 


539—550 


Commercial, Composition and Rela- 
tion to Arsenical Injury. H. S. Swin- 
gle 393-401 

commercial, contents 3®3 

insecticidal use, effect on peach foliage. 393-398, 


toxicity, variation with soluble arsenic 

content 396-400 

soluble arsenic content, effect on toxicity 
to insects - 309-400 
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Page 

Leaf roll, potato, spread in western Ne- 
braska . 63, 64-69, 71, 72, 73, 74 


Legumes, nodule bacteria of, nitrogen fixa- 
tion in absence of host 893-922 

Lehman, Samuel G., and Woodside, James 
W.: Varietal Resistance of Soybean to 

the Bacterial Pustule Disease 795-805 

Lemons— 

color, relation to decay.. 171-172, 174-175, 190, 197 
decay from inoculation with mixed fungi, 

studies 107-197 

infection with Pseudomonas citri, study. 404-400, 
412-415, 417, 418-419, 422, 424 

water loss, elTect on rate of decay 167-108 

Lenticel callus, formation, cause 121-122 

Leonian, Leon 11., and Geer, Herbert L.: 
Comparative Value of the Size of Phyto- 
phthora Sporangia Obtained under 

Standard Conditions 293-311 

Light — 

artificial, Gleet on stomatal behavior of 

wheat 938 

factor in cold resistance of alfalfa roots... 274 


Lime — 

effect on tobacco strains resistant and 

susceptible to black root rot 802-871 

in soil, relation to chlorosis in corn 879-886 

Limes, inoculation with J’seudomonas citri, 

Study 405, 412, 415, 418-419, 422-124 

Loomis, 11. F., and King, 0. J. — 

Cotton Hoot- Hot Investigations in Ari- 
zona 199-221 

Further Studies of Colton Hoot Rot in 
Arizona, with a Description of a Sclero- 

tium Stage of the Fungus. 641-676 

Loose smut — 
in wheat- 

annual losses from 313,336 

causal organism . 313,315 

control difficulty 316 

control methods 316-318 

infection studies 318-320 

resistance and susceptibility of varie- 


ties 

Occurrence in Wheat, Influence of Varie- 
tal Resistance, Sap Acidity, and Cer- 
tain Environmental Factors. Victor 

F. Tapke 313-339 

Lush, Jay L.; Black, W. 11.; and Semple, 

A. T.: The Use of Dressed-Beef Apprai- 
sals in Measuring the Market Desirabil- 
ity of Beef Cattle 147-162 


McCulloch, Lucia: Starchlike Radiate 
Crystals Produced by Bacterium margi- 
natum in Starch Media 49,5-501 

McKinney, Jl. II.: Mosaic Diseases in the 
Canary Islands, West Africa, aud Gib- 
raltar 557-578 

MacMillan, 11. G., and Schaal, L. A.: A 
Pathological Feature of Flea-Beetle In- 
jury of Potato Tubers 807-815 

Magnesium, Deficiency, Cause of a Chloro- 
sis in Corn. J. P. Jones 873-892 

Maize- 

Inbred and Crossbred Strains. Correla- 
tion Studies. Merle T. Jenkins 677-721 

tassels, malformation from downy mil- 
dew, comparison with teosinte, dis- 
cussion 829-833 

See also Corn. 

Manure, cow’s, content of corn from silage. . 225-226 
Manures, organic, effectiveness in control of 

cotton root rot 203-206, 220 

Marketing, beef cattle, aid of dressed-beef 

appraisals 147-162 

Marlatt, Abby L.; Peterson, W. H.; Mar- 
tin, E. A.; and Clow, Bertha: The Vita- 
min-C Content of Fresh Sauerkraut and 

Sauerkraut Juice 963-971 

Marten, E. A.; Peterson, W. H.; Fred, 

E. B.; and Vaughn, W. K.: Relation of 
Temperature of Fermentation to Quality 

of Sauerkraut 285-292 

Martin, E. A.; Clow, Bertha; Marlatt, 

Abby L.; and Peterson, W. H.: The 
Vitamin-C Content of Fresh Sauerkraut 
and Sauerkraut Juice 963-971 


Mean and Variability as Affected-, by Con- 
tinuous Selection for Composition in 

Corn. Floyd L. Winter 451-476 

“Meat by-products"— 

definition of term. 531 

preparation, description 532-533 

proteins in, nutritive value, feeding 

tests 533-536 

Metabolic interchange, between soil fungi, 

study 41-59 

Methyl chloroacetate, effect on germination 

of seeds 926-927 

Meyer, Clara Rocke, and Metier, Ross- 
leene Arnold: The Distribution of Vitar 
min A in Some Corn-Milling Products.. 767-780 
Mildew, downy, observations on tassels of 

teosinte. 817-833 

Milkweed- 


commercial use, possibilities. 837 

Common, Propagation and Food Trans- 
location in. Fisk Gerhard t 837-851 

latex, composition 846-848,849 

leaves and steins, composition, percent- 
age 843-845 

plant — 

chemical analyses, methods 842-843 

food translocation in 842-849 

propagation by seed, study 838-841 

roots, chemical composition, percentage _ . 845-846 
seed, germination, effect of treatment and 

storage 840-841 

vegetative propagation, experiments 841-842 

Miller, P. W.: Studies of Fire Blight of 

Apple in Wisconsin 579-621 

Minnesota, girasole and chicory studies 551-555 

Moisture — 

Atmospheric and Soil, Influence upon 
Seed Setting in Red Clover. E. A. 

Hollo well 2211-247 

effect on- 

rooting and callusing of apple cut- 
tings.. 86,89-109 

rooting and callusing of willow cut- 
tings 86,114-126,127 

stem-rust infection of wheat 935-936, 

939-940, 941-942, 943, 944 

stomatal behavior of wheat 938-940 

toxicity of arsenic to peach foliage 395-400 

soil, effect on- 

freezing of alfalfa 276-277 

growth of red -clover plants 234-238 

seed setting in rod clover 229-243, 245-247 

See also Humidity. 

Moon, H. H., and Culpepper, C. W.: 
Sulphur-Spray Residues and the Swell- 
ing of Tin Cans Packed with Peaches. .. 31-40 

Morris, O. M. t and St. John, J. L.: Studies 

of Quality and Maturity of Apples 623-639 

Mosaic — 

Diseases in Canary Islands, West Africa, 
and Gibraltar. H. H. McKinney 557-578 


hosts in Canary Islands, West Africa, 

and Gibraltar 557-561, 570-571, 577 

symptoms on tobacco 561,565 

mild, of potatoes, spread in western 

Nebraska 03, 64-68, 69, 71, 72-73 

rugose, of potatoes, .spread in western 

Nebraska 63, 64-68, 69-70, 71, 72, 73 

yellow- 

distinction from green mosaic 563 

hosts in Canary Islands, West Africa, 

and Gibraltar 561, 563, 570-571, 576, 577 

Mosaics, green and yellow, associations, 

study.— 562-567, 575-577 

Munsell, Hazel E., and Kifer, Hilda Black: 
Vitamin Content of Honey and Honey* 
comb 355-366 


Nasturtium, inoculation with Bacterium 

tumefaciens , results 759,761 

Nebraska, Western, Potato Virus Diseases, 

Rate of Spread. Ii. W. Goss 63-74 

Neck thickness, in wheat, inheritance in 
cross between Federation and Sevier X 

Dicklow hybrid - 368-369, 385-392 

A r ico*iana glaum, mosaics from Canary 
Islands, West Africa, and Gibraltar, 
study 557, 558, 560-568, 575-577 
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Nitrogen— Page 

Atmospheric, «Fixation by Nodule Bac- 
teria of Leguminous Plants in Absence 

of Host. F. E. Allison 893-924 

fixation, studies— 

on nitrogen-free media 899-900 

on radieieola solution- „ - 901-903 

with various strains of nodule bacteria. 900-922 
Nodule bacteria. See Bacteria, nodule. 

Nursery stock, root growth, regulation by 

method of fertilization 137-145 

Nutrition, values of protein in sausage, beef, 
and pork 531-537 

Oat cross - 

GopherX Black Mesdag, smut suscepti- 
bility, transgressive segregation for 953-902 

Transgressive Segregation for Suscepti- 
bility to Smut. R. J. Garber, N. J. 

Oiddings, and M. M. Hoover 953-902 

Oats— 

breeding, transgressive segregation for 

smut susceptibility. - 953-902 

germination, effects of various fumigants. 926-927 
Oil — 

content of corn- 

selection for, experiments 451-475 

variability, effect of selection 452-453, 

400, 461-402, 403-407, 409 
glands, citrus fruit, puncturing, effect on 

inoculation results 403-404 

Oils, soiling of cotton fabrics, study 539-543, 

540, 548 

Oospora citri-aurantii, inoculation of citrus 
fruits, experiments.. . 104, 180-184, 180-190. 193-197 
Ophthalmia, in rats, effects of vitamin-A 
deficiency in corn-milling products-. 709-777,778 
Oranges— 

decay from inoculation with mixed fungi, 

studies 104-107, 174-192, 194-195 

infection with Pseudomonas citri, study.. 404-424 
Oxygen- 

effect on polarity of iron and tin 30-37 

supply, effect on— 

rooting and callusing of apple cuttings. 80-109 
rooting and callusing of willow cut- 
tings 109-120,127 


Peach — 
foliage — 

absorption of arsenic acid 395-396 

injury from commercial acid lead arse- 
nate, study 393-400 

host of cotton root-rot fungus 045, 640 

Peaches - 

acid concentration .. . 33 

canned, swelling of cans, cause, study 31-40 

sprayed and unsprayed, canning experi- 
ments - 31-40 

washing for removal of spray residue 32, 39 


Peanut plants, mosaiclike disease, study,. 574-575, 


577 

Pear- 

breakdown, relation to— 

acetaldehyde content.. 487-491 

maturity 487 

scald, cause, discussion 487,488,490-491 

Pears— 

aldehyde loss in browned tissues 491 

Bartlett— 

acetaldehyde content, relation to break- 
down 487-491 

acetaldehyde content, relation to pick- 
ing time 483- 486 

Picking Time, Relation to Acetalde- 
hyde Content and Core Breakdown. 

O. P. Harley 483-493 

respiration, discussion 491-492 

ripening, effect on respiration 491-492 

Peas— 

garden, hosts of alfalfa wilt 352, 353 

nodule bacteria, growth and nitrogen 


Pectio— 

Constituents of Apples, Changes in Rela- 
tion to Softening. H. M. Haller 730-740 

substances in apples, determination 
methods T „ . . . - 740-741 


Penicillium— Page 

digitatum, effect on viability of Pseudo- 
monas citri 415 

spp., inoculation of citrus fruits, experi- 
ments 104-166, 167-169, 170-190, 193-197 

Pennisetum ciliare, host of / lelminthospo- 

rium giganteum - 133-134, 135 

Peppers, hosts of mosaic in Canary Islands 

and West Africa. - 559,569-5)70,571 

Peregrin us maidis, vector for streak disease, 

remarks 573 

Peterson, W. H.— 

Fred, E. B.; Vaughn, W. E.; and Marten, 

E. A.: Relation of Temi>erature of 


Fermentation to Quality of Sauer- 
kraut 285-292 

Martin, E. A.; Clow, Bertha; and Mar- 
latt, Abby L.: The Vitamin-C Content 
of Fresh Sauerkraut and Sauerkraut 

Juice 963-971 

Phalaris spp., hosts of / Ielminthosporium 

giganteum 134,135 

Pay matotrichum omnieorum — 

artificial cultures, preparation 215-217 

facultative parasitism, establishment. 042-643 

host relationships 643-647 

inhibition by other organisms 669 

inoculation on cotton plants, experi- 
ments 218-220 

mycelial strands, growth measurement.. 604-668 
mycelium, growth, effects of various plant 

tissues and fluids 609,675 

saprophytic nature and communicability, 
study 641-675 


sclerotia, true, production in culture. 655-004, 074 
See also Cottou root rot. 

Phytophthora — • 

Sporangia, Obtained under Standard 
Conditions, Comparative Value. Leon 
H. Leonian and Herbert L. Geer 293-311 


spp. — 

classification by sporangial measure- 
ments 293, 294-301, 308-309 

sporangial measurements, discussion . . 309-308 
taxonomy, needs and recommenda- 
tions 293-309 

Pigmentation, yellow, in corn, relation to 

vitamin-A content. 770-777,778 

Pine, western yellow — 

dimensions, effect of fertilization method. 141 
root frequency at different depths, effect 

of fertilization 141, 143 

Root Systems, Modification by Fertiliz- 
ing the Soil at Different Depths in the 

Nursery. W. G. Wahlenberg 137-146 

survival, effect of modified root systems.. 144-145 
Pinns ponder osa. See Pine, western 
yellow. 

Piper, R. B., and Siegler, E. A.: Aerial 

Crown Gall of the Apple 249-262 

Pistache, host of cotton root rot, experi- 
ments - 047 

Plant — 

erectness, in corn, inheritance in crosses 

between inbred lines 711, 720 

height, in corn, inheritance in crosses 

between inbred lines 714-715, 720 

pathogenes, soil-inhabiting, metabolic 

interchange, study. 41-59 

Plumage, of chickens, color inheritance, 

study 781-794 

Pollen, germination in red clover, effects 

of moisture.. 2i0, 245, 247 

Pollination in- 

apple blossoms, influence on susceptibil- 
ity to flreblight infection 607-808, 619 

red clover, effects of moisture 230-234, 240-247 

Potato- 

leaf roll, spread in western Nebraska 63, 

64-89,71,72,73,74 

mosaic, spread in western Nebraska 63-73 

scab, relation to flea-beetle injury 810-814 

spindle tuber, spread in western Neb- 

raska. . 63, 64-68, 70-74 

Tubers, Flea-Beetle Injury, A Patho- 
logical Feature. H. CL MacMillan 

and L. A. SchaaL... 807-61® 

Virus Diseases, Spread Rate in Western , 
Nebraska. R. W. Goss 63-74 
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Potatoes— * 

flea-beetle injury, experimental field con- 
ditions 807-8 JO 

losses from flea-beetle injury in Colorado. 807 
Rhizoetonia infection, relation to flea- 

beetle injury .. 8JJ-814 

worm-track areas, source of disease infec- 
tion, experimental study .. . 810-814 

Poultry. See Chickens; Chicks. 

Prices— 

dressed-beef, translation into live-weight 

prices . J 55- 1 56 

live-meat, comparison with dressed-beef 

prices 158-100,102 

Protein content of corn — 

selection for, experiments 451 475 

variability, effect of selection 452. 

450, 40J, 403, 404-408 

Proteins — 


in beef and pork, nutritive value, com- 
parison with sausage and other meat 

products 533-537 

in Certain Kinds of Sausage and Other 
Meat Food Products, Nutritive Value. 

Ralph lloagland and George O. Snider. 531 537 
Rseiidomonatt 
citri 

Infection of Citrus Fruit. Harry R. 

Fulton and John J. Bowman . 403-426 

inoculation on citrus fruit, methods and 

results 403-420 

mult iplicat ion in fruit lesions, estima- 
tion . 407-414 

viability in old cankers . , 114-415 , A 

tumefaciem. rice Bacterium tumefaciem. 
l’seudoselerotia, development in Phymato - i 

/ rich u fit omnivor um cultures 053-055, 07 1 j 

/’ncci nia yraminis tritici. See Wheat stem 
rust. 1 

Pustule disease, bacterial. See Bacterial 
jaistule disease. j 

Quirk, Agnes J., and Brown. Nellie A.: j 

Influence of Bacteriophage on Bacterium ; 

tumefneiem, and Some Potential Studies 
of Filtrates. _ . 503-530 ! 

Radicicoia solution, use in nitrogen fixation 

experiments 901-003 j 

Rain, disseminat ion of apple fire blight 5R8--594. Ois j 
Rainfall 

effect on duality of apples . _ 032 033, 630 

relation to sand drown of tobacco SH2-883. KOI 

Raisin, mineral content, comparison with 

Jujube 051 

Rats, weight records on honey as source of 

vitamins A, B, and 1) 358-301 

Respiration, vegetables, factor in deteriora- 

t ion at room temperature ... 75 SO 

Rhizobia, growth and nitrogen fixation, 

experiments 80S 022 

Rhizoctonia infection, of potatoes, relation 

to flea- beetle injury 811-814 

Rice weevils, in wheat, destruction by 

various fumigants. 025-920,9*27 

Ricinus corn muni*, inoculation with Bacter- 
ium t u mefneiem strains 500-529, 758, 700 

Ripening, apples, relation to changas in 

pectie constituents 739-740 

Root — 

primordia, formation in hardwoods 81 

rot — 

black, of tobacco, development, effects 
of soil temperature and soil reaction. 853-871 
Cotton, Investigations in Arizona. C. 

J. King and H. F. Loomis . 199-221 

cotton. See also Cotton root rot. 
systems— 

modified, effect on survival of western 

yellow pine.. 144-145 

of Western Yellow Pine, Modification 
by Fertilizing the Soil at Different 
Depths in the Nursery. W. CL Wah- 

lenberg 137-140 

tubercle bacteria. See Bacteria, nodule. 

Rooting and Callusing in Apple and Wil- 
low, A Physiological Study. Charles F. 

Swingle 81,128 

Rose, inoculation with Bacterium tume - 
facie nit, results 758, 704 


Paflt* 

Rosen, II* R., and Shaw, Luther:. Studies 
on Sclerotium rotfsii, with Special Refer- 
ence to the Metabolic Interchange be- 
tween Soil Inhabitants 41-01 

Rosette disease, of peanuts, destructiveness 

in Africa 569 

Rotation, crops, effect on cotton root-rot 

infection 208 

Rubber, presence in milkweed plant ..... 844, S48. 849 
Rubbertree, latex, composition, comparison 

with milkweed 848 , H49 

Rust, stem, of wheat. See Wheat stem 
rust. 

Rye, germination, effects of various fumi- 
gants 920-927 

Saccharum spp. — 

key 2 

See also Sugarcane. 

St. John, J. L., and Morris, O. M.: Studies 

of Quality and Maturity of Apples 023-039 

Salix alba, cuttings, rooting and callusing. 

physiological study 81-88, 109-126, 127 

Sand drown, of tobacco — 

cause and prevention 877-878,881-883 

relation to rainfall 882 883. 891 

similarity to chlorosis in corn 8M S83. 891 

Sauerkraut - 

antiscorbutic effect, experiments with 

guinea pigs. 905-970 

Fermentation Temperature, Relation to 
Quality. K. A. Marten, W. II. Peter- 
son, E. B. Fred, and W. E. Vaughn.. 285-292 
Fresh, and Sauerkraut Juice, Vitarnin-r 
Content. Bertha Clow, Ahby L. Mar- 
latt, W. iL Peterson, and K. A. Martin. 903-971 
Juice - 

and Fresh Sauerkraut, Vitamin-C 
Content. Bertha Clow, Ahby L. 
Marlatt, W. II. Peterson, and E. A. 


Martin 903-97! 

feeding to guinea pigs, experiments 904-970 

Quality, Relation to Temperature of 
Fermentation. E. A. Marten, W. H. 
Peterson, E. B. Fred, and W. E. 

Vaughn 285-292 

vitamSn-C value for guinea pigs, experi- 
mental results 964-970 

Sausage- - 

Certain Kinds, and Other Meat Food 
Products, Nutritive Value of Proteins 
in. Ralph lloagland and George G. 

Snider.,*. 531 -537 

manufacture, description 532 

proteins in, nutritive value, feeding tests 533-536 


Savastano, Giulio. and Fawcett, Howard S.: 

A Study of Decay in Citrus Fruits Pro- 
duced by Inoculations with Known Mix- 
tures of Fungi at Different Constant 

Temperatures 163-198 

Scab, potato, relatton to flea-beetle injury. M0- 814 
Schaal. L. A., and MacMillan, 11. (L: A 
Pathological Feature of Flea-Beetle In- 
jury of Potato Tubers K07-S15 

Scheeionorus hookerianus. See Festuca hook- 
erinnu. 

Sclerospora- 

Malformation of Tassels of Teosinte, Ob- 
servations. William 11. Weston, jr.. 

and J. 11. Craigie.. - 817-836 

phitippinensis. See Mildew, downy. 

Sclerotia. true, development in J'hymato- 

triefunn omnivor urn cultures ... 655-064. 074 

Sclerottnia tibertiana , inoculation of citrus 

fruits, study 104. 189-195 

Sclerotium 
rotfsii - - 

culture studies 44-59 

growth at different H-ion concentra- 
tions 4 4-52, 58-59 

host: plants. - 42,44 

morphological response in mixed acid 

and alkaline cultures 54 57, 59 

Studies with Special Reference to the 
Metabolic Interchange between Soil 
Inhabitants, 11. R. Rosen and 

Luther Shaw 41-61 

rot, of cantaloups, symptoms and 
spread - 42-44 
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Scurvy ration, feeding to guinea pigs, ex- 
periments and results 904-970 

Seed- 

coat, structure in sugarcane 23-27 

color, in oats, linkage with smut suscepti- 
bility 904-902 

Setting, in Red Clover, Influence of At- 
mospheric and Soil Moisture upon. 

K. A. Hollowell 229-247 

sugarcane- 

development — 22-23 

structure. 23-27 

Seeds, Germination, Effect of Various Fu- 
migants. II. D. Young 925-927 

Selection, effectiveness in cross-fertilized 

crops, explanation 451 

Semple, A. T.; Lush, Jay L.; and Black, W. 

H.: The Use of Dressed-Beef Appraisals 
in Measuring the Market Desirability of 

Beef Cattle 147-162 

Sex, of chicks, relation to down-color varia- 
tion 783-786,787,793 

Shade, effect on quality of apples 634-636, 638 

Shaw, Luther, and Rosen, II. R.: Studies 
on Sclerotium rolfsii, with Special Refer- 
ence to the Metabolic Interchange be- 
tween Soil Inhabitants 41-61 

Siegler, E. A. — 

The Woolly-Knot Type of Crown Gall.. 427-450 
and Piper, R. B.: Aerial Crown Gall of 

the Apple 249-262 

Silage. Corn, Feeding to Dairy Cows, 

Grain Losses. It. B. Becker and Willis 

D. Gallup 223-227 

Silking date, in corn, inheritance in crosses 

between inbred lines 712, 720 

Sitophylus oryza, destruction by fumigants, 

st.iidv 09CU09C 097 


Smut— 

loose. See Loose smut. 

resistance, in oat crosses, dominance 962 

Susceptibility in Oat Cross, Transgres- 
sive Segregation for. It. J. Garber, N. 

J. Giddings, and M. M. Hoover 953-962 

Snider, George G., and Iloagland, Ralph: 
Nutritive Value of Proteins in Certain 
Kinds of Sausage and Other Meat Food 
Products 531-537 


Soil- 

constituents, relation to chlorosis in 

plants 876-891 

disinfection — 

effect of growth of tobacco in seed bed. 806-871 
effectiveness in control of cotton root rot. 199- 

201,220 

extract, medium for legume-nodule bac- 
teria in nitrogen fixation 908, 909, 915-921 

factors affecting root growth of trees 137-138 

fertility, effect on root growth of western 

yellow pine 142-143 

Fertilizing at Different Depths in the 
Nursery, for Modification of Western 
Yellow Pine Root Systems. W. G. 

Wahlenberg 137-146 

fungi, metabolic interchange, study 41-59 

moisture, effect on — 

freezing of alfalfa - 276-277 

seed setting in red clover 229-243, 245-247 

phosphorus and potash, applications, 

residual values 878-879 

reactions, effect on growth of tobacco 854-871 

removal from clothes, experiments 542-548 

Temperature and Reaction, Effects on 
Growth of Tobacco Infected and Unin- 
fected with Black Root Rot. William 

L. Doran 853-872 

Soiling, Artificial, of Cotton Fabrics Pre- 
paratory to Laundering Studies. A. 

Elizabeth Hill 539-550 

Soils, liming, effect on tobacco strains re- 
sistant and susceptible to black root rot. . 862-871 
Soja max , See Soybean. 

Sorghum, host of cotton root-rot organism, 

study.... 644 

Soybean— 

Columbia— 

origin and description 805 

resistance to bacterial pustule disease, 
experiments 796-797, 800-805 


Soybean— Continued. Page 

nodule bacteria, growth and nitrogen 

fixation, experiments 899-903,907,914-920 

Varietal Resistance to Bacterial Pustule 
Disease. Samuel G. Lehman and 

James W. Woodside 795-805 

Spike density, in wheat, inheritance in cross 
between Federation and Sevier X Dick- 

low hybrid 368-360,378-392 

Spinach extract, effect on nitrogen fixation 

by nodule bacteria 910 

Spindle tuber, potato, spread in western 

Nebraska 63, 64-68, 70-74 

Spodipogon sibericus, host of Ilelminthos - 

portum giganteum 134,135 

Sporangia, Phytophthora— 
measurements for classification . . 293, 294-303, 308 
Obtained under Standard Conditions, 

Size, Comparative Value. Leon II. 
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of Tin Cans Packed with Peaches. C. 

W. Culpepper and II. H. Moon 31-40 
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nate, effect on foliage 393-398,400 

Staggerweed. See Bikukulla eximia. 
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marginatum, experimental study - 497-501 

Starrett, Ruth Colvin; Artschwager, Ernst; 
and Brandes, E. W.: Development of 
Flower and Seed of Some Varieties of 

Sugarcane 1-30 

Stem rust, wheat. See Wheat stem rust. 
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258-259, 261 

Stewart, George, and Hcywood, D. E.: 
Correlated Inheritance in a Wheat Cross 
between Federation and a Hybrid of 

Sevier X Dick low _ 367-392 
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study 477-481 
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poetic constituents 743-745 

Streak disease, of maize, observation in 

West Africa 572-573 

Sucrose, in apples, variation, study 625, 

620-627, 628, 630-631, 632, 037 
Sugar beet, inoculation with Bacterium 

tumcfaciens, results 750 
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and Seed, Development in Some Vari- 
eties. Ernst Artschwager, E. W. 
Brandes, and Ruth Colvin Starrett.. 1-30 

structure and development 9-12 
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Ernst Artschwager, E. W. Braudes, 

and Ruth Colvin Starrett 1-30 
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pepper and H. H. Moon 31-40 
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89-109, 126-127 
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Ustilago tritici — 

cause of loose smut in wheat 313, 315 

life history 315-316 
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